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eo: ae after 3 weeks (Wig. 2), compared to one week for the 
{ i] aes sad ’ ons hands, The slight desquamation of the rest of the budy. 
a : 5 : had entirely disappeared by then, 


Laboratory findings 


Hemoglobin 18.1 g%, erythrocytes $.04 mitt,’ 
W.B.C, $300/mm?3, bands 0, polymorphs 59, 
lymphocytes 32, monocytes 5, cosinophils 3, baso- 
phils 1, Blood sedimentation rate: 1 /4. Total pro- 
tein iS: 8S g%, alb.: 65.5%. Glob: Alpha, 
4%, Alpha, 7%, Beta 12%, Gamma 11.5%, Se 
rum phosphorus 4.2 mg%, calcium 10.4 ‘mg%, 
acid phosphutase 0,1 Bessey u., alkaline phospha- 
tase 3.7 Bessey u., Thymol turbidity 1.8 u., ureum’ 
36 mg%, creatinine 0.7 mgs, SGOT 27 Cae 
SGPT 23 u., total bilirubin 0.5 mg%. 
Scrum lipids (non-fasting): total lipoid 1283 
mg%, phospholipoid 12.9 mg%, cholesterol 379 
mg%, esters 73%, 3 
These values show no remarkable deviation 
from the normal, except a slight increase in the 
L.D.H., 410 u. (norm. 360 u.), which had returned 
to normal on February 6 (280 u.). The total lipoid 
and cholestcro! valucs are elevated even for a 
non-fasting state. In view of the well-known blecd- 
ing tendencies in cases of chronic hypervitamino- 
sis A, coagulation studies weré performed; all vale 
"ues were within normal limits: recalcification time 
187", prothrombin time 15° (control 15”), fie 
brinogen content 510 mg%, antithrombine imme : 
diate: normal, bleeding time 1°42”, thrombocytes 
. 220,000 mm?, hematocrit $1%, color serum nore 
» mal, 
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Fig. 1, Wand of the patient one week after the eating 
of the halibut Kver. 
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Serum vitamin A levels 


The scrum vitamin A level on February 7 (10 

days after the incident) was 250 i.u./100 mi 

(norm, 80-120 i:u.), due to an intervening wezk- 

‘end this valuc was not determined until 2"/3 

. days after the sample was taken. It is known ($) 

* that serum vitamin A levels miay decrease by 50% 

‘on standing for several hours. Techrically it was 

not possible to reducd this interval to less than” 

24 hours. The second determination on February 

13, gave a value of 355 iu, carotene 50 micro= 

Bram (normal). It is possible that the first value 

may have been too low as & result of the delay 

ae between the taking of the sample and the deter- 

_+ “Fig. 2. Foot of the Patient, scaling at itg maximum, ination, On March 20, $1 days ufter the meal 
theese weeks after the incident. _ his scrum vitamin A level was 310 iu./100 mi.” 
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Fig. 3. Histologic scciion of the left thenar showing 
hyperkeratosis, scanthosis and hyperemia of the dermis 
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Histopathologic findings (Fig. 3) 
The biopsy specimen showed a picce of skin with 
& very wide horny layer, in which slit formation 


Table I 
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Age 

Halibut liver (g) 

1.U. vit. A/100 mi se- 
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Halibut liver polsaning in 11 fishermen 11 


was noticed. The epidermis was built regulurly, 
There was a very wide stratum Sranulosun. The 
tete ridges were wide, the dermal Papillac narrow, 
There was some edema and lymphocytic infiltrae 
tion round the blood vessels of the dermis. 

Conclusion: hyperkeratosis, acanthosis and hy- 
peremia of the dermis. These changes are com- 
patible with the diagnosis of vitamin A intoxicae 
tion.., 


Follow-up data on ihe other crew members ’ 


The remaining crew members of the “Alida” 
were examined after their return from another 
journcy-to the Lofoien, on February 2S, 2% days 
afier tho incident. The results are shown in 


Table J. 


On February 25 all patients showed desquama- 


tion of hands and feet. None had suffered from 


Vomiting 


+ 


dizzyncss or blurred vision. Vitamin A levels were 
elevated in all. The highest level was found in 
case 1, which is the patient described in fuli in 
this paper. The trawler was in port again on 
March 20, S1 days after the incident, and the 
Crew could be inspected once more. All symptoms 
had disappeared. An exception was paticnt num. 
ber 4, who developed strong desquamation of the 
horny layer of the soles of the feet in the first 
weck of March, which was still present on March 
20. No changes remained elsewhere on the body, 
Vitamin A levels could be determined again in 
paticnts !, 2, $, 4, 8 and 9. ae 


Desquamation trunk 


Desquamation face 
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« OMMENT 
In the English transiation of the diary of Gerrit 
de Veer (20), which describes the winter of 1596/ 
1597 spent on the island of Nova Zemlya by a 
group of Dutch sailors led by Willem Barentsz 
and J, van Heemskerk, who were in seavch of the 


‘Northeast passage to India, the following passage 


is found on May 31, 1597, It concerns the shoot- 
ing of a polar bear: “but her death did us more 
hurt than her fife, for after we ript her belly, we 
Srest her liver and cate it, which in the. taste 
liked us well, but it made us all sicke, specially 
three that were exceeding sicke, and we verily 
thought that we should have lost them, for all 
their skins came of, from the foote to the head, 
but yet they recovered againe, for which we gave 
God heartis thankes”. In the following centurics 
many whalers and arctic travelers became un- 
pleasantly acquainted with the poisonous qualitics 
of the livers of polar bear (3, 7, 8, 12, 19), and 
Jess frequently of eskimo husky (12, 18), bearded 
seat and greeniand fox (18). Several cases of pois- 
oning by fishliver have been recorded. Poslavski 
(15) described 9 patients who becanic ill after 


* eating whale liver. Lonic (10) reported intoxica- 


tion symptoms in a family after the ingestion of 
shark liver. Similar symptoms have been recorded 
after the cating of liver of “hopuka” (groper), 
kingfish, swordfish (8), ishinagi [stercolepis ishi- 
nagi (1)), Spanish mackerel (13), and red stecn- 
bras (16). 

The symptoms of vitamin A intoxication were 
divided by Knudson (9), into those of acute and 
chronic intoxications, cach occurring in chillren 


. and adults. We shall limit oursclves to the acute 


intoxications is adults. 

The foliowing symptoms have been described 
regularly (3, 9, 10, 12, 15), Two to eight hours 
after the meal a very severe headache occurs, 
which is usually localized frontally, followed by 


‘ nausca, vomiting, dizzyness, itritability tachycare. 


dia, a fecling of tiredness and an excessive urge 
to sleep (sometimes for 24 hours!). In the more 
severe cases there is redness of the face and some- 
times of the mucous membranes. Usually there 
is localized or generalized pruritus. This is fol- 


' lowed after 24-36 hours by peeling of the skin 


beginning around the mouth and spreading over 
the entire body. The skin of hands and fect some- 
times comes off as a whole, Subconjunctival he. 


- Morrhages and gingivitis may occur. Usually the* 
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symptoms wear off in a few days, sometimes re- 
covery takes longer. The déesquamation lasts for 
several weeks, The symptoms in our patients are 
quite similar to those described in the litcrature 


ef patients suffering from scute vitamin A intoxi- 3 


cation after cating liver of polar bears, eskimo 
huskies, certain fish and after the ingestion of 
high dosages of vitamin A preparations (6), The 
patient reported in this paper had caten halibut 
liver at other occasions without becoming ill, 
Fridtjof Nansen (14) reports cating polar hear 
liver in small amounts without iil effeet. These 
observations may be explained by onc of the fol- 


. lowing findings: 


1. ‘fhe concentration of vitamin A in halibut 
liver oil increases with the size of the liver and 
therefore with the size of the animal (11). In 
Contrast to mammals, fish may continue to grow 
after reaching full maturity. As a result some fish 
in Certain specics may reach a very large size and 
weight. With increasing age the accumulation of 
vitamin A ia the liver continues, since only small 
amounts “i ‘is vitamin are required. 

2. There is a marked seasonal fluctuation in 
the vitamin A content of halibut liver mils. It 
may vary from 8000 i.u./g i February to 106,000 
iu./g in May (11). There is also a scasonal fluc- 
tuation in the amount of oil present in the liver. . 
In general there seems to be an inverse relation- 
ship betwecn the amount of oil in ths liver and 
the vitamin concentration in the oil. : 

3. The part of the liver which is caten may 
also play a role. The tep of the liver lobe of 
the halibut contains the largest amount of vitamin 
A (2). 

4. Finally the amount of liver eaten may have 
influence on the symptoms, It can be seen from 
Table: J, that even small amounts of liver eaten 
have caused symptoms. If we take 100,000 iu./g 
vitamin A as probable concentration (11) for this 
very large halibut liver, the ingestion of 20 g 
would be equivalent to a dose of 2 million units, 
Gerber considers this a sufficiently high dose to 
Cause acute symptoms (4). Poslavski’s patients de-, 
veloped symptoms exactly similar to those of our 
patients on dosages of 1-5 million units. It can 
be szen from Table J, that there is no relation- 
ship betwcen the amount of liver eaten, the ‘seri- 
ousness of the symptoms, and the serum vitamin 
A lcvel, which is also in agreement with findings 
in the literature (6). 
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a spe. 
eifie gravity of 1.022, 3+ acetone, and 


* 8t0 10 WDC per high power field, Scdi- 


meniation rate was 38 mun/hr, Total 
serum bitirubin level was 66 mg/100 
ml (26 mg/!00 ml indiicet reacting), 
The ether significant blood chemical 
findings were as follows: blood urea 
nitrogen (BUN), 10.6 mg ‘100 ce; carbon 


dioxide, 15 mEq/liter; stium, 122 mEq/ . 


liter; potassium, 1.6 mEq/liter; and 
* chloride, 122 mEgq/liter, 

Because of the hypokalemia and hy- 
ponairemia, she was given appropriate 
electrolyte containing fluids intrave- 
nously. Because of a reported penicillin 
sensitivity and < suspected car in- 
fection, antibiotic treatment was started 
with erythromycin and oxytetracycline 
(Terramycin) and continucd for four 
days. The morning after admission, she 
was much more alcit. The blurring of 
the eptic dises disappeared by the 
fourth hospital day. The serum biliru- 
bin level slowly fell during the next 


- few weeks. However, throughout her 


4% weeks in the hospital, the thymol 
turbidity remained between 6 and 10 
units, and the activity of serum glu- 
tamic oxaloacetic transaminase (SGOT) 
stayed between 120 and 160 units. Ap- 
proximately four wecks after admis- 
sion, a percutancous liver biopsy was 
perfor=ncd. 

The anemia noted on admission be- 
ame more apparent as hydration im- 
Proved, the hemoglobin Icvel dropping 
to 63 gm/100 m!. The red blood cells 
(RBC) were normochromic. The plate. 
let count was 24,000/eu mm. On the 
morning of the fourth day, she had a 
severe nose bleed which required 
cauterization. She then received the 
first of three transfusions—a total of 
130 ml of whole blood was given. On 
the sixth day, the hemoglobin level was 
105 gm/i00. ml, and the hematoerit 

_ Feading was 31%. The platelet count 
. was 330,000/eu mm by the eighth day. 

Shortly after admission additional 
significant history was obtaincd. Be- 
cause the mother had been told that 
vitamins were good for the baby, the 
patient hed received varying amounts 
of cod liver oil or vitamin drops with 
eyery fecding ever since she was 18 
months old. A pint bottle of cod liver 
ell (approximatcly 400,000 units of 
vitamin A) or 14% bottics of multivita- 

‘ min drops (approximately 625.000 units 
ef vitamin A) was consumed weekly. 
The diagnosis of hypervitaminosis A 
was confirmed nine days after admis- 
sion when the blood level of {ree vita- 
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Fig 1—Section of liver shows sumerees lerye, pele 
vocvolated siavoidel cells (hemetosylia end eosin, 
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min A was reported as 825ug/100 ec 
(normal 6 to 601g). Radiogra;.'.s of the 
long bones showed only moderate de- 
mineralization, metaphyseal! irregulari« 
ties, and widening of epiphyseal lines. 
No cortical /hyperostoses were secn. 
There was no evidence of hypervita- 
minosis D. 

When discharged one month after 
admission, she weighed only 15 kg (33 
Ib), but she was ‘afebrile, alert, and 
active. Her appetite had improved. Al- 
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though her helr was still sparse, the 
chellosis and cracked lips were no 
longer prominent, However, a firm 
spleen was still felt 3 em below the 
costal margin and the liver edge was 
still 1 em below the costal margin. 
One year later, she weighed 18.1 kg 
(# Ib), and had a good growth of sealp 
hale and eye lashes. The liver edge 
was no longer palpable, but the spleen - 
wos still firr «nd easily felt 3 em bee 
low the costs. margin. The hemoglobin’ : 
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three pieces. A portion of the speci- 
men was fixed in 10% solution ef 
neutral buffered formaldehyde solu. 
tion, and from it paraffin sections 
were prepared for Ught microscopy, 
For electron microscopy, a small : 
fragment was fixed in ice cold 1% 
osmic acid In veronal acetate, buf. 
: fered at pl! 7.4. After dehydration in 
Fig 1—Fleererconce microgreph of liver, Siswseldel cells displey latease cyte . §raded alcofiols, the tissue was em- 
phowmle Meoresconce. Nepatocytes (arrows) dipley leint Muoresconce (X 480). bedded in epoxy resin (Epon 812) 
and thin sections eut on « microtorne 
(Porter Blum). Sections were 
. stained with lead hydroxide and ex- 
Ph Sie Se fk eee amined with en electron microscope 
14,400). : (Hitech! HS-7) in the Pathology 
Department at the Mount Sinai 
School of Medicine. The remaining’ 
é portion of the specimen was snap 
frozen in 2-butyl alcohol at —70C. 
Cryostat sections were exomined un~ 
der ultraviolet, light with a fuores- 
cence microscope, For comparison 
with spontaneous fluc escence, liver 
tissue from a p.jicnt with a none 
hepatic disorder was examined tn 
the same fashion. 
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Results 

By lght microscopy. the lobular 

architecture was intact, with normal 

portal tracts and central canals (Fig 

1}, The liver ect] plates were regu~ 

larly arranged and the liver cells 

appeared normal, except for com 

spicuously increased lipofuscin pig. 

ment. Within the sinusolds there 

were numerous swollen littoral cafls, 

Many of these had a foamy retieu- 

lated cytoplasm, while others had a 

clear cytoplasm (Fig 1 and 2), Sev« 

; eral such cells were also seon in the 

ed portal tracts, 

ER Seo mass: With fluorescener microscopy, the 
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semtrol spec’inen showed faint fluo~ 
rescence In Kupffer's eclls and occa- 
sional fluorescent granules in hepa- 
focytes. In the biopsy from the 
patient numerous littoral cells and 
eceasional mesenchymal cells in the 
portal tracts displayed Intense green 
cytoplasmic fluorescence (Fig 3), 
which faded rapidly with continued 
exposure (0 ultraviolet light. Slight 
diffuse fluorescence was noted in 
occasional hepatocytes. Fluorescent 
granules in hepatocytes were com~ 
mon, : 

Electron microscopic examinat'on 
revealed numerous sinusoidal cells 
containing large fat droplets, which 
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occupied most of the cytoplasm (Fix 
4 and $), Strallar cells were seen in 
the portal tracts. In some portal 
trects Upid globules which uppearcd 
extracellular were noted (Fig 6). 
In the hepatocytes the endoplasmic 
reticulum, mitochondria, and - bile 
canaliculi appeared normal. With re- 
spect to other subcellular organelles, 
the hepatocytes presented a varied 
appearance, some being entirely nor- 
mal, while others displayed one or 
more of the following abnormalities. 
(1) Pigment. Most hepatocytes ex- 
hibited a variab'e number of irregu- 
larly shaped, heterogeneous, electron 
opaque bodics composed of sub- 
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Fig 6—Portel, trect cocteles extrec ober 
lipid. C Indicates colleges; H, hepatecyts 
(xX 10,600). 
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structures of a variable density 
(Fig 7 and 8). These were inter- 
preted as lysosomes, were particu~ 
larly prominent near bile canalicull, 
and corresponded to the lipofuscin 
pigment granules scen by light mi- 
croscopy. ; 

(2) Focal cytoplasmic degradation 
was conspicuous, being characterized 
by numerous small vacuolated, foci, 
which were not delimited by a mem- 
brane. Within these residual vacuo- 
lated bodies wero irregular osmio- 
philic bodies in the forms of clumps, 
whorls, and irregular figures, which 
appeared to bo degenerated orga. 
nelles (Fig 9). Autophagic vacuoles, 
limited by a single membrane and 
containing degenerated organelles, 
were aso inereased (Fig 8)- 

(8) Fot. Many hepatocytes con- 
tained small lipid droplets (Fig 8). 

(4) Smooth endoplasmic reticulum 
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was hypertrophied In a moderate 
number of hepatocytes (Fig 5). 

In addition to these changes, an 
Increased varinbility in the density 
of hopatocytcs—so-called light and - 
dark celis—was present. (Fig 8). 


Hematologic Studies 


A Variety of tests was carried out 
to find the cause for the normo- 
chromie ard normocytic anemia. The 
bone marrow was highly cellular 
and contained abundant megnkaryo- 
cytes, but was otherwise unremark< 
able. The Coombs’ test was negative. 
Starch block hemoglobin electro- 
phoresis demonstrated 18% <A? 
hemoglobin and 15% fetal hemo- 
globin, The glucose-6-phosphate de- 
hydrogenase activity of the erythro- 
cytes was normal. Three weeks after 
the last transfusion the paticnt was 
Injected with her.own erythroc, ‘os 
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labeled with radioactive chroraium 
("Cr), The half-life of erythrocytes 
labeled with ®'Cr was 17 days (nore 
mal 27 to 35 days) and splenie 
scquestration was demonstrated, 


Comment ° 


The clinical appearance of the pac 
tlent was similar in most aspects ts 
that described In chronic hypere 
vitaminosis A.?4 The mild jaundice, 
hepatosplenomegsly, and course ree 
sembled that of the child described 
by Josephs! The diagnosis in our 
patient was estoblished not only by 
the high blood level of vitamin A, but 
also by the demonstration of ine 
creased vitamin A-like fluorescence 
In the liver blopsy specimen.® In a 
review of 36 cases of hypervitaml- 
nosis A, Oliver ? pointed out that the 
signs and symptoms are highly vari- 
abie, and that individuals and organ 
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systems nay vary In thelr suscep- 
Ubilliy to the taxie cffects of vitamin 
* A. This may be why the liver and 
spleen were so prominently involved 
in our patient. : 
Hepatosplenomegaly was described 
in Josephs’! original case report and 
has been observed in subsequent 
cases of hypervitaminosis A. Never. 
theless, we find only two previous 
reports of liver biopsies.6" Both were 
in adults, and by light microscopy, 
were reported as normal, except for 
lipid droplets in Kupffer's cells in 
one case.? In that case, minimal he- 
patic dysfunction, characterized by 
alight prolongation of the prothrom- Page PEAR Be o 
bin time and mild elevation of serum : yt Mans LP ery ne 
alkaline phosphatase activily was mR Ehaeten.§ % mreth ’ 
noted. ea “ey rh aN RO i : 
Jaundice, elevaicd thymol tur- host od aan J hives 
bidity, and increased activily of 
SGOT in our patient were clinical athe ¥ wey: 
evidence of hepatic dysfunction, By yete ay at raw nes aN 
Ught microscopy, the hepatic sinus- ote Neg ge Bal 
olds contained large foamy macro- 
phages which displayed the charac- 
teristic evanescent fluorescence of 
vitamin A. Similar fluorescence was 
also acen within hepatocytes. Hepatic Sag Cop es 
Upofuscin pigment, which is uncom- | <a: s oe seariek ta Se gee . 
mon in children, was prominent in : x“ 
this patient, Electron microscopical- 
‘ly, the fluorescent materia! scen with 
ullraviolet light corresponded to the 
large fat droplots in Kupffer's cells, 
smal! droplets in hepatocytes, and fat 
"in the portal tracts. Ultrastructural 
changes in hepatocytes included 
increased pigment containing lyso- \ ae 
somes, Hpid droplets, focal cyto- Orel ch aaa Lp eI] 
plasmic degradation, and increased = G+ y weg ey es tse" 
variability in electron density of  475- Weer ater ye . 
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neighboring cells (so-called light and 
dark cells). ‘These changes probably 
Indicate cell damage, but are non- 
specific and may be observed in di- 
verse conditions such as viral hepa- 
us ® or alcoholic liver injury.® Thus, 
the hepatic storage of vitamin A in 
this case was associated with both 
clinical and structural evidence of 
liver damage. The hypertrophy of 
smooth endoplasmic reticulum, which 
has also been previously noted,” {s 
probably a response to increased me- 
tabolism of vitamin A, since both 
synthesis !® and splitting! of the 
ester are microsomal functions. 

The anemia associated with chron- 
lc hypervitaminosis A Is usually at~ 
tributed to poor nutrition or blood 
Joss. Although these factors may 
have played a role in our patient, 
she still had mild anemia and reticu- 
locytosis one year after stopping the 
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ingestion of excess vitarain A. By 
that time her appetite had improved 
and she had gained weight, How. 
ever, her spleen was still very large. 
The hypersplenism, demonstrated 
during her hospital admission by 
studies with erythrocytes labeled 
with Ce, probably accounted for 
her continuing anemia, even though 
her platelet and leukocyte counts 
had returned to norma! levels. 
Vitamin A is transported from the 
Intestine to the liver in the esterified 
form and stored there as the blologi- 
cally inactive ester.’? Hepatic es- 
terases convert It to the blologicelly 
active alcohol, which is released into 
the blood. Excess free vitamin A re- 
sults in rapid hemolysis of eryth. 
rocytes In vitro,'® alters the appear- 
ance and function of embryonic chick 
cartilage,* and induces charges in 


isolated rat liver mitochondria !® and 
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lysosomes.'* The mitochondria swell 
and the lysosomes release hydrolytic 
enzymes, These phenomena have 
been explained by the theory that 
excess free vitamin A penetrates 
cellular and intracellular membranes 
and changes their function.'* Toxte 
blood levels of vitamin A in man 
result not only from excessive intake, 
but also from an interference with 
the ability of the liver to control the 
hydrolysis and release of vitamin 
A."2 If excessive amounts of biologi. 
cally active vitamin were released 
within a hepatocyte, changes might 
occur In the lpoprotein membranes 


of the intracellular organelles. The ° 


increase in lysosomes end the focal 
cytoplasmic dogradation seen in our 
biopsy specimen would be eompet- 
ible with such an effect. 
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Your editorial thus oversimplifies 
complex phenomena, It implies that 
all post cardiotomy psychiatric 
problems are, in effect, mercly the 
product of brain dumago produced 
during the operation. My concern is 
that the role of a variety of other 
factors may thus be overlooked and 
patient care seriously compromixcd, 
Earlier reports indicated that pa- 
tients often experienced a lucid in- 
terval of three to four days follow- 
ing surgery and preceding the onset 
of disorganized inentation.** This 
disorder usually cleared within 24 
to 48 hours after transfer to a stan- 
dard hospital environment. These 
clinical observations suggested that 
postoperative factors, and specifical- 
ly the Open-Fleart Recovery Room 
environinent, might be playing a 
role in the production of those symp- 
toms. Subscquently Lazarus and 
Hagens were able to significantly re- 
duce the incidence of these postop- 
erative psychiatric complications by 
manipulating a variety of environ- 
mental and psychological variables. 
We agree with T'ufo that it is the 
patient with an organically im- 
paired brain who is most vulnerable 
to the sleep deprivation and sensory 
monotony often presented in ihis 
ENvirvluncl, 

We have observed another sinall- 
ef group of patients in whom con- 
fusion, disorientation, or delirium 
were apparent on the first postop- 
erative day (D. S. Kornfeld et al, 
unpublished data).** These pa- 
tients were clearly manifesting the 
effects of organic brain dysfunction 
produced during surgery. Obviously, 
in these paficnts, the postoperative 
environment could not have contrib- 
uted to their disorder. It may be that 
the Tufo serics, with its predomi- 
nantly carly onset of symptoms, con- 
tains a larger proportion of paticnts 
in this latter category, 

Hoxave S, Koanrus, hID 
New York ~ 
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To the Editor.-Your  cditorial 
“Open-Heart Surgery and the 
Payche" (212:1370, 1970) is so dog- 


muitic and final! Necd there be a 


stole. 


tect catectAE Gass & 


: 


tune. 


“victor?” I think the comments are | 


oversimplistic and show a naivety of 
the mitd-body problem which is 
frankly enther frightening. If you 
really read my work, as well ns that 
of others (such as Kornfeld et 
al),’ you will find no assertion that 
all the psychiatric complications 
following open-heart operations are 
“functional” in nature. For we sre 
all aware there are a multiplicity 
of factors involved in the paticnt's 
response to cardiuc operations. In- 
decd I mention Gilman's article* 
in my original paper,’ and in other 
writings note “multiple etiologies” 
involved in postoperative reactions. 
At a time when psychiatry is mov- 


‘ing toward medicine and psychia- 


trists are collaborating with their 
medical and surgical colleagues to 
understand the complexity involved 
in patients’ responses to physical 
i!lncsses and operntive procedures, 
let us not attempt to start battles 


where they do not exist. ; 
Hisasy fi. Asaaw, MD 
Charlottewille, Va 
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Need for Controlled Study 


To the Editor.—The article by Shel- 
don et al on venous autografts for 
myocardial revascularization (213: 
78, 1970) records a magnificent sur- 
gical series fron: the standpoint of 
concept and technical ability. Yet 
the very appealing evidence for suc- 
cess remains inconclusive. Where 
are the control patients? Surpery is 
a form of therapy, not a magical 
process. It must be evaluated like 
other treatments and by equally 
high standards, ie, by minimizing 
bins through random allocation of 
“qualifying” patients to contro! and 
treated groups. 

It is equally deplorable that in the 
fame {issue (QUESTIONS AND AN- 
swers, p 135) Dr. Baue's evaluation 
of various forms of revasculuriz:ition 
is devoid of any reference to the lack 
of control. My criticism of the sur- 
fical enthusiasts is not that they are 
wrong (or even probably wrong), 
but rather that they havo not at- 
(empted ty really prove themselves 
tight. Their technical and profes- 
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slona! expcriise are not in —— 
The abeence of properly 
and contro!led studies cuts 
ways—tho proof remains in limbo. 

Again in the same issue (p 131), 
Jokn Oates rightly deplores the abe 
sence of n control serics in the rencet 
on exercixe therupy for hyperic:+ 
sion. The points in the reply are well 
made, but are only tangentially rele- 
vant to the real issue. 

We would not think of testing a 
new drug without contro! pnticonta 
Surgical procedures generally are 
perilous fur beyond the side effects 
of most pills. It is high time that 
granting authorities, journal reviews 
ers, and therapeutic trials commit. 
tees demand equal standarda of all 
treatments: appropriately designed 
and controlled trials, 

Dave H. Sresccs, MD 
Ben tow f 


Papilledema and 
Hypervitaminosis A 


To the Editor.—The letter by Fo- 
dontin (212:628, 1970) deseribing 
the case of pseudotumor cerebri 
produced In on 18-year-old girl by 
hypervitaminosis A, includes the 
statement, “In none of the cases— 
adults or children—has papilledema 
been the only finding.” ‘This patient 
was observed at Ohio State Univer- 
sity Flospital, 

Oliver and Havener' described in 
1958 the ense of a 14-year-old girl 
with bilateral papilledema, as well 
as loss of hair, skin changes, migra- 
tory arthritie pains, hepatomegaly 
and splenomegaly, hypomenorrhea, 
and generalized malaise. Serum vi- 
tamin A levels confirmed the diag- 
nosis of hypervitaminosis A. 

Morrice et al’ in 1960 described 
three cases in girls 14, 15, and 16 
years with diplopia, pnpilledema, 
and other symptoms suggesting 
brain tumor. In addition to various 
individual complaints, each had 
hypomenorrhea, alopecia, and rha- 
gades or other marked forms of der- 
matosis. ‘ 

Tronically, these four additional 
cases of papilledema duo to hyper- 
vitaminosis A were all olmerved at 
University and Children’s Hospitals 
associated with Ohlo State Univer- 
sity. 


Geom.s Munnice, 
Newack, Ohio 
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Vilaniin A mtosbrutim as 6 cmune of pre beemer 
Goreeet. JASN $73: hid. pa, june, 
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Uses: To incre ise Body-weight in 
underacicnt patents. The pains 
Are smoil Out statistically sipriti- 
Cant, and appear to be associated 
with the stimulation of appetite, 
‘VIMICON, an antiatlergic and 
antipruritic agent, can be used to 
treat a wide range of acute and 
Chronic allergies including hay 
fever, shin rashes and poison ivy, 
Average dosage: Children: 2 me. 
fone teaspoontul of half a tablet) 
S times daiiy, with meals, Adults, 4 
mg. (two teaspoontuls of one tab- 
let) 3 times daily with meais. Never 
eaceed the recommended dosare. 
Consult packace cucuisr for fur 
ther information on cosage. 
Side-effects: Orowsiness is tle 
Most common. in low incidence, 
dry moutit, dizziness, jitteriness, 
Nausea and skin rash have been 
noted. Rarely, agitation, confusion 
or hallucinations. 

Cautions: Patients should be ad- 
vised not to drive a car and not to 
operate machinery or appliances 
requiring aiert attention, since the 
Crug may cause drowsiness. The 
Safe use of VINICON in Pregnancy 
has not been establishes, Patients 
should be warned against the in. 
Sestion of sicoho! er other CNS 
Cepressants while they are on 
VINICON, Rarely, prelorged thera- 
by with histamine antazonists may 
Cause blocd Cyscrasias. This has 
Rot Econ reported with ViMICON. 
Contrainoications: Perigheral anti- 
cholinergic eMects, a'thougn minis 
mal, contraincicate VIMICON in 
patients with glaucoma, or in those 
predisposed to urinary retention. 


Bidliegraphy: 1. Noble, R.E.: Ettect of 
Cyprcheptasine on Appetite and 
Weight Gain in Adults. JAMA, 
209:13 2054-2055 (Scot. 29) 1969. 2. 
Bergen. $.S.. Jr.: Assetie Stimutating 
Properties of Cyproneptagine. Am. J. 
Diseases of Chicren 108:270-273 
(Sept.) 1964. 3. Orash. A. et af: Tre 
Ettect of Cyproheptadine on Carbo- 
hydrate Metabolism. Cin. Pharm & 
Ther. ¥:340-346 (May-June) 1966. 4, 
Lavenstein, AF. et ai: Effect of 
Cyproheptadine on Asthmatic Chile 
Gren; Study of Appetite, Weight Gain 


and Linear Growin. JAMA. 180:912- ° 


816 (June 16) 1952. §. idelshon, F.; 
Experience with Cyproheptadine Hy- 
Grochlotide as a Non-Hormonal Ange 
dolic; Its Effect on the Body Weight 
Of Pediatric Patienis. Onent. Med. 
70$:824-826 (Dec, 22) 1967, (Publisned 
ia Argentina in Spanish.) 6. Van 
Mette, T.€., Je.: Factors Wnich May 
Atiect the Rate of Lincar Growth and 
Vieight Gvin of Asthmatic Cnudren, 
— Med. J, 6$:1305-1314 (Dee.,} 
1 


Available: Veblets of 4 mg., bottles of 
45. Syrup, contasning 2 mg. per $ mi. 
easpocntul, boities of 6 tivid ounces. 


Fell inte:mation on request 


PRUMo Ed +O Comers ve sore 
SUMS 6 CteMe 6 oe. OP LOM CPC) tae, 


* ducts of the tree such as burk of 


Pregaabcies assuviated with an 1.U.D. A 
 prarian pregnancy ussuciated with 
+). eds reported by Piver, Huer und 

Zacharg.* This subject has fevently been 

explored by Hehfeldt, Tietze and Gore 


Does the presence of an 1,U.D. increase 
the incidence of ectopic Pregnancy? Wei,* 
quoting other authors and also from his 
Own experience, believes that it does nul, 
but the quetion is hy nu means decided, 

Uwish tf thamk De. Meredith Silver for 
Cramining the suryical specimen, 

a W. 1. Maris, M.D. F.R.CSIC] 


5 ke Vee QUl: Amor J Ohevey Grace 100, 
340, 1%: 
CP Rent Med JY: 08, 1963 
¥. JAMA 24: 331, 1908 
b nett RA, dacmany TV; JAMA 
oF 
. Darmeefe tl, Taney CO, Gomntson F: Amor J 
Obrtet GimedOn. 10405, 1970 
. WarPy Amer d Obsict Grace 101, 776, 1968 


Christmas tree allergy 
To the Editor: 


fn- their paper “Christmas tree allergy: 
mould and pollen studies" (Conud Med 
aiss J 103: 1272, 1970) Wyse and Malloch 
describe 34 patients with skin symptoms 
and signs which they attribute to Christ- 
mas tree allergy. in Tuble IV they list the 
following: 


Skin: Transitory rash..... 28 patients - 


Vesicleh and exudate ! 
Angiocdema ....... 3 
Uslicatia.....-s,s.. 2 


The authors describe the transitory rash 
as “multiple smull, red, itchy or burning 
spots on the forearms and hands and 
occasionally on the face, where the skin 
had contacted the needles; this started 
within five minutes of trimming or deco- 
fating the tree and usually disappeared 
within half an hour.” They suggest that 
this rash “probably represents a contact 
allergy to the olcoresin of the balsam”. 

The morphologic term "spot" dues not 
indicate whether these are macules, Pur 
ules, patches, plaques, of variants thes 
reof, but the rapid onset of the skin rash 
docs not agree with u diagnosis of contact 
allergy, \ 

Contact allergic dermatitis is mediated 
by delayed cellular inimuny mechanism 
and does not arise and disappear within 
Minules, The “tesasitary canh” which the 
authors describe is presumably 3 primary 
ireitunt dermatitis due tu the cuntact with 
the Christmas tree acedles of ether pro- 

iwlh Any 
individual is subject to a similar primary 


irritant reaction and kt does nat péauire 
stimulation of the allergic pr 

Details are nwt given of i single pac 
tient with “vesicles and exugdte™, but this 
is a morpholugic presensation that may 
Often be seen with contact allergic dere 
Malitis (e.g. as in poisun ivy), 

True contact allerpic dermatit?- .0 ave 
Merous products of trees (resins, pollens, 
sawdust cle.) is well knuwn and well docy 
mented in standard tevts.© * . 

Scratch tests are not accurate ia Cone, 
tact ullergic/dermatitis wand should nut 


supplant the regular patch test. 
RN. Richards, M.D. 


VIS. Cicfrpe Se, 
Terunte §. Ont, 
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Vitamin A Intoxleation 
To the Editor; 


I shouid like to bring to the attention of 
the profession the risks of vitamir A 
intoxication and the ease with which hie 
vitamin can be obtained by over-the- 
counter sales in this country, 

! recently attended a girl aged 15 who 
developed headaches, vomfing and di- 
plopiz, all with acute onset. Strabismus 
and papilledema were evident on exami- 
nation and the cerebrospinal fuid Pres: 
sure was grossly elevated. My original 
diagnosis was a probable cerebral tumour 
but extensive ncurulogical investigation 
was completely negative. The patient had 
been taking vitumin A in a dusage of 
200,000 units duily for (wo years. She 
made a coniplete and dramatic fecovery 
following discontinuation of this medica- 
tion, 

The vitamin had been sold to her over 
the counter in the drug store in the belief 
that it would benefit her (acial acne. The 
strength of gach tublet_ was $0,000 units, 
and while it was recommended on the 
bottle that only one tablet should be taken 
cach day. the patient was teld that it was 
quite conmmon to tuke more thun this ia 
the treatment of acne. It scema to me that 
there is a very high risk of inducing “bee 
High intracranial hypertension” in some 
Patients if this vitumin is to be freely 
available without preseripiion, 

Paul Mf. Gelpke, D.C.11., DER.CP,, 
De a a) 
WIS Vistowia Ni, 
Teal, Wa, 
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Recent reports have brought hospitals for the mentally 
handicappe:! under timely scrutiny, but have 
the point of view that the hospital is an inherently bed 


* Jastitution for the care of the mentally handicapped. This 


is unfair, because with the exception of s few newly estad- 
lished units most hospitals for the mentally handicapped 
in this country have not enjoyed the facilities, resources, 
and staff required to do justice to their patients. 


Mesaweod Pork Hospital, 
Leeds 6. 


HYPERVITAMINOS!S A WITH 
HYPERCALCEMIA 
tatlonship hetween vitemin-A Intoxication ond 


enised.' Large-dosage” 


 Sppercaer ts 
vitamin-A capsules may be readily purchased without 


prescription. We have seen p paticnt with severe hyper: 
calcemis_associated_with hypervitaminosis A. He was 
faking the vitamin because he had heard that it was benefi- 
cial in acne, : 
A L6-year-old was transferred from another 
hospital because of hyperca j ne 1H 
detected by soutine adinission screening. tle admitted to 
having taken yitami abovt6 months, usually 00,000 
but_every 4th or Sth day 300,000 _units, for 
treatment of acne. i addition, he was taking vitamin C 
a day and a multiple-vitamin preparation contzining. 
vitamin A_5000 units, vitamin LD 400 units, vitamin D, 
mg. vitamin B, 2'5 mg., niacinamide 20 mg., vitamin C 
50 mg., vitamin B, ! mg., vitamin B,, 3 ug., and calcium’ 
pantothenate I mg. He was also intermittently using an 
ointment containing vitamins A 1D. Several weeks 
‘ore admission he had develop: uria and polydipsia, 
and about five days before admission @ sore throat and 


swollen tender cesvical lymph-nodes, The next day he . 


ad been feverish (102 ) and had vomited several_times, 
Two days Tater he had had general malaise associated with 
desquamation of the skin about his trunk, upper extremities, 
and face, along with facial Nushing snd fissuring of the lips. 

On physical examination the patient was gchydrated, 
confused, and lethargic. The above cutaneous findings were 
noted. The liver was not palpable. Serum calcium was 
18-9 mg. per 100 mi., CO, 32 mM per litre, chloride 98 


, meq. per litre, potassium 3:2 meq. per litre, alkaline 2 phos- 


pha se 26 units, blood-urea-nitrogen (B.U.N.) 28 mg. per 
00 ml., serum-glutamic-oxaloacetic-transaminase (3.0.0.T.) 
91 units, and serum-proteins 6-9 g. per 100 mi. (3:2 g, 
albumin and 3-7 g. globulin). (These determinations were 
ai! performed on the ‘ Auto-Anslyzer'.) Repeat calcium 
determinations before treatment were 16:4 mg. per 100 
ml. and 16:7 mg. per 100 ml. The urinary excretion of 
calcium initially was 1045 mg. per 24 hours. Complete 
blood-count, serum-protein electrophoresis, and chest 
X-ray were normal, Ucinalysis revealed. a trace of protein. 
$0d_10-15 white bload-cells, 

He was started on a sodium-sulphate infusion with 
added potassium, and ayrgical exploration was undertaken 
on the evening of transfer because of the possibility of 
hypsrparathyroid_erisis. Four parathyroid glands were 


feund, and iLfclt_ normal One was removed, another 
biopsied, and a lymph-node was removed. All were histo- 

ically no: He was continued on sodium sulphate 
and cortisone acetate, 100mg. cyery 8 hours, after surgery. 


On the third hospital day the serum-calcium_was_J2:5 


msg. per £00 mi. end.on.the filth day_it was 9:7 mg. per 100. 
mi.; it remained in the normal range when treatment was 
stopped. The serum-stkaline-phosphatase, urinary calcium, 


B.U.N., and 5.0.0.7. were normal by the eighth hospital day. 


NL TT 
1, Oeodmen, L. S., Gilman, A. (editors). Pharmecological Beste of 
‘Therepeviles, p. 1675. New York, 1970, 
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A prolonged prothrombin-tlme (35%.) wes corrected with 

enteral vitami Bromsulphthatein excection wes 
normal, An intrevenous pyciogram, bone su and hone- 
marrow examination were Sy ‘The Tae ‘pre- 
parsTOH was examined for yitamim-D contamination by 
grs-liquid chromatography, thin-Tayer chromatography, 
and by spectrophotometry. By these sensitive techniques 


Feel 904 tt found. The vitamin-A 
evel was 934 LLU. pst-L00 ml. (sarmal 63 aus 1. per 100 
D. A. Spawcen, ;), and the serum-carotene level was —— 


association between experimental and clinical 
witamin-A intoxication and incrested bone resorption 
has been reported previously.*.? Vitamin-A intoxication 
associated with hyperccalciuria has been described,* but 
only one case has been reported with hypercalcamia 
(13-6 mg. pee 100 mi.).* Our patient had dermatological 
and hepatic * findings of hypervitaminosis A in association 
with e higt: circulating level of vitamin A, Thus, the only? 


apparent explanation for the hypercalcemia was vitamin-A 
ert We suggest that oe kouid be considered 
In the Gilferential diagnosis of hypercalcemia. 

Race G. Wittanp 

Frank H. Henpasces 
Frananno Amar ¥ Leow 


* Luts Gutteregz 
Jamss C, jones, 


Divisions of Medicine und 
Saint Lube's Hespitel, 
Geveland, One “104, 
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ACUTE HYPERCAI.CAMIC SYNDROME 
DURING TREATMENT OF OSTEOPOROSIS 
WITH CALCIUM INFUSION 


Sin,—Pak et al." put forward the hypothesis thee 
osicoporosis is caused by sn imbsiance between para- 
thyroid-hormone secretion and calcitonin secretion, resulte 
ing in a nct loss of bone, To reverse this imbslance they 
induced interrurtent hypercalcamia in 6 osisoporotic 
patients by means of 12 infusions of calcium (15 mg. per 
hg. body-weight per infusion} in 12-21 days. Each infusion 


, lasted 4 hours. Their resuits were very promising and 


stimulated incerest in this form of treatment.’ 

We have given calcium infusions to 7 patients with 
osteoporosis (results to be publiched later). 1 patient, 8 
70-year-old woman, developed # severe hypercaicamic 
syndrome during the Sth infusion. Plasma-calcium was 
20-2 mg. per 100 mi. She was treated with phosphate and 
glucocorticoids intravenously, but her condition improved 
only after 4-3 days. Before treatment plasma-creatinine 
was 12 mg. per 100 mi., but *'Cr-z.p.7.A. clearance showed 
a glomerular filtration-rate of 36 mil. per 1°75 8q. m. ondy 
surfsce per minute. During the first calcium infusioa, 
plasma-calcium increased from 10:2 mg. per 100 mi. to 8 
maximum of 16-4 mg. per 100 mi., and 20 hours after the 
infusion it was 13:8 mg. per 100 mi. 

On the basis of this experience we suggest thet calcium 
Infusions should only be used in tresting osteoporosis if 
(1) the glomerulsr filtration-rate is normal, and (2) plssme- 
caicium has returned to normal after the previous infusion. 
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AMERICAN ACADEMY OF PEDIATRICS 


. JOINT COMMITTEE STATEMENT 
COMMITTEES ON DRUGS AND ON NUTRITION 


_. THE USE AND ABUSE OF VITAMIN A 


ITAMIN A is an essential nutrient nec 
V essary for maintenance of normal ep!- 
thelial tissue and for optimal grawth."? Im- 
paired dark-adaptation and night blindness 
are well known manifestations of vitamin A 
deficiency. Although vitamin A is present 
in many foods, it cannot be ussumed that all 
individuals receive adequate an.sunts, Pre- 
liminary reports from the recent 10-state 
nutrition survey* show that n significant 
proportion of the population has a low in- 
take of vitamin A and low plasina vitamin A 
levels. Thus ft would appear important to 
improve the diet of a considerable segment 
of the population or provide a vitamin A 
supplement for them, 

Vitamin A is found in food in catot- 
enoids, which are converted to vitamih Ain 
the intesiine; or, it may be preformed, as in 
foods from animal sources (or in dict sup- 
ploments). There is no danger of excessive 
intake of vitamin A when carotenoids are 
iagcsted. 

The recommended daily allowances of vi- 
tamin A are: for infants and children up to 


“age 12 years, from 1,500 to 4,500 I.U.; for 


adults, 5,009 1.U.; and for pregnant women 
6,000 I.U.?+« Although diets of many indi- 
Viduals provide higher levels of vitamin A, 
there are no known advantages in exceed. 
ing these allowances in normal individuals, 

Thus, for prophylactic use or as a safe- 
guard against inadcquate intake, there arc 
Properly formulated supplements available 
on the market, i.c., those that enntain 1,500 
to 4,000 1.U. for infants and children, 5,000 
1.U. for adults, and 6,000 I.U. for pregnant 
women, 

However, excessive intake of preformed 
Vitamin A may result in serious and poten- 
tially toxic effects. The easy availability of 
Vitamin A in large doses without prescrin- 


* Proceedings of Workshop on Vitamin A. Food 


and Nutrition Board, January 28, 29, 1971. To be 
published. 


Uon exposes individuals to the danger of se- 
vere clinical toxicity. Pirysicians should be 
aware of the circumstances in which vita- 
min A toxicity may occur and its clinical 
manifestation. 

Doses of 25,000 I.U. or more of vitamin 
A, which are present in some vitamin prep- 
arations, should not be used, unless severe 
deficiency of vitamin A, documented by au 
abnormally Jow blood level, exists, These 
doses taken daily for an extended period of 
time pose a risk, particularly to the preg- 
nant woman and fetus, Studies in pregnant 
animals have shown that large doses of vi- 
tamin A: produce central nervous system 


anomalies with hydrocephalus, encephnlo- 


coele, and other teratological effects in the 
offspring.** Infants may develop a bulging 
fontancl or hydrocephalus when given 
about 10 times the recommended daily al- 
lowance of vitamin A for several weeks.!- 
The older child or adult with hypervitamin- 
osis A maniiests pseudotumor ,cerebri, a 
syndrome that may simulate the presence of 
an intracrania) neoplasm, with signs and 
symptoms of unlocalized inereased intra- 
cranial pressure,’™** such as headache, nau- 
sea, vomiting, Icthargy, tinnitus, and diplo- 
pia. Physical findings are usually limited to 
the eyes, with sixth nerve paresis, papil- 
ledema, and, in long-standing cases optic 
atrophy and even blindness. Ingestion of as 
little as 25,000 to 50,000 I.U. of vitamin A 
per day for as short a period as 30 days can 
induce signs of increased intracranial pres- 
sure, Nonspecific findings encountered at 
all ages include dry skin and mucous mem- 
branes, sparse hair, brittle nails, myalgia, 
bone pain, arthralgia, abd: ninal pain, 
splenomegaly and hypoplastic anemia with 
leukopenia. 

Despite awareness of the potential dan- 
£ers ‘of vitamin A toxicity, the incidence of 
hypervitaminosis A appears to be increas 
ing. Hypervitaminosis A may result through 
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VITAMIN A 


easy availability of high potency vitamin 
reparations without prescription and by 
the overzealous parent whio frequently ad- 
ministers vitamins under the popular prem- 
ise, that, if one is good, two are better. 
The problem may be compounded by the 
use of bizarre, highly fortified health foods. 

Serious problems of hypervitaminosis A 
have arisen in the use of large doses of vita- 
min A in treatment of acne vulgaris in ado- 
lescents. The clinical impression that high 
doses of vitamin A (50,000 I.U. to 150,000 
I.U. per day) over a prolonged period are 
beneficial treatment for acne vulgatis has 
not been validated by well controlled clitii- 
cal trials, nor is the rationale for this 
method of treatment clear.'* 

Vitamin supplements with proper levels 


"- of vitamin A for infants, children, adults, 


and pregnant women are available on the 
market. These should be prescribed when 
indicated. Vitamix, supplements containing 
more than the daily doses recommended 
(8,CCO ¥.U.) should sot be used. 


CONCLUSION 


The grave risks resulting from the unre- 
stricted sale of high concentrations of vita- 
min A make it imperative that an active 
curb, by appropriate legislation if neces- 
sary, be placed on the over-the-counter 
marketing of high potency vitamin A prepa- 
rations. Physicians should be-aware of the 
vitamin A content in the preparations they 
prescribe for their patients. They also 
should caution parents regarding the dan- 
gers of overdosage of this vitamin. 

Committee on Drugs 

Suscven J. Yarre, M.D., Chairman 
Committce on Nutrition 

L, J. Firen, Jr, M.D., Chairman 


REFERENCES 

1. Rocls, O. A.: Vitamin A phystology. J.A.MA., 
214:1007, 1970. 

2 Meharen, D.: The vitamins. In Bondy P., ed.: 
Duncan's Metabolism, ed. 6. Philadelphia: 
Saunders, p. 1280, 1969. 

3. Food and Nutrition Board, National Research 
Council: Recommended Dietary Allowances, 
revised, ed. 7. Publication No. 1064. Wash- 
ington, D.C.: National Academy of Sciences, 
1968. 


4, Com aittee on Nutrition: Proposed changes in 
food and drug administration regulations 
concerning formula products and vitamin- 
mineral dictary supplements for infants. Pe- 
pratnics, 40:916, 1967. 

5. Cohan, S. Q.: Excessive intake of vitamin A as 
a cause of cunyvenital anomalies in the rat. 
Science, 117:535, 1953. * 

6. Cohlan, S. Q.: Congenital anomalies in the 
rat produccd by excessive intake of vitamin 
A during pregnancy. Pevtatnics, 13:556, 
1954. 

7. Arena, J. M., Sarazen, P., Je., and Baylin, 
C. J.: Hypervitaminosis A, Report of an un 
usual case with marked craniotabes. Prott- 
nics, 8:788, 1931. 

8. Marie, J., and See, G.; Acute hypervitaminosts 


A of the infant: Its clinical manifestation . 


with benign acute hydrocephalus and pro- 
nounced bulge of the fontanelle; A clinical 
and biologic study. Amer. J. Dis. Child., 87: 
731, 1934, 

8. Persson, B., Tunell, R., and Ekengren, K.: 
Chronic vitamin A intoxication during the 
first half year of life. Description of 5 cases. 
Acta Paediat. (Seand.), 54:49, 1965. __ 

10, Gribitz, D., Silverman, S. F!., and Sobel, A. E.: 
Vitamin A poisoning. Pepiarncs, 7:372, 
1951. 

Il, Sulzberger, M. D., and Lagar, M. P.: Hypervi- 
taminosis A: Report of a case in an adult 
J-A.M.A., 146:788, 1931. 

12. Gerber, A., Raab, A. P., and Sobel, A. E.: Vi- 
tamin A poisoning in adults. Amer. J. Med, 
16:729, 1954. 


13, Oliver, T. K., Jr, and Havener, W. H.: Eye. 


manifestations of chronic vitamin A intoxica- 
tiou. Arch, Ophthal., 60:19, 1958. 
14, Oliver, T. K., Jr.: Chronic vitamin A Intoxics 
‘tion. Amer. J. Dis. Child., 93:37, 1958. 

13. Morrice, C., Jr., Havener, W. IL, and Kape 
tansky, F.: Vitamin A intoxication as a come 
of psuedotumor cerchri, J.A.M.A., 173:1802, 
1960. 

16, Feldman, M. H¥., and Schlezinyer, N. S.: Be- 
nign Iotracranial hypertension associated 
with hypervitaminosis A. Arch. Neurol., 22: 
1, 1970. i 

17. Fedotin, M. S.: Hypervitaminosis A causine 
pscudotumor cerebri. J.A.M.A., 212:625. 
1970. 

18. Lascari, A. D., and Bell, W. E.: Pseudotune! 
cerebri due to hypervitaminosis A: Tosi 
consequences of sclf-medicution for acne i* 
an adolescent girl. Clin, Pediat, 9:62. 
1970. 

19. Anderson, J., and D., and Stokoe, J. If, 
corders: Vitamin A in acne vulgaris (Repo! 
of the Sontheast Scotland Faculty of 
College of General Practitioners). Brit. Mo! 
J., Issue 5332:29-4, 1963. 


mittee on Indian Heal 
was established in 
following objectives 
tive Board; © 

1, To encoura 
cians to consider carver | 
Health Service, i 

2, To conduct or spoy 
cial pediatric problems | 
kan natives, i 

3. To provide leader; 
and development of m , 
dures to improve the pr 
services to the Indian 
population. 1} 

4+. To stimulate 
and organizational int 
Health Program by pe 
larly those in practice i 
Indian population, 

5. To establish 2 eon 
professional rela 
Academy and pediatric 


Indian Health Program. ' 
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birth ts only 22 cm, If the fufonts of a small sruup are predominantly 


either large or small, the growth results must be Interpreted acvuntingly. 


Tiness sho inflicners the rate of grunth in length, In our experience, 


: Riness wems always to eume a slowing of gruwth, but the retardation 


may be of short or lung duration, may oveur during the bllnes, of after 
the infant has Ievevrwd, This peril of slower growth ts usually fol- 
lowed by 2 period of mere raphi growth, which wually evuniprusaies 
eutirely for the earlive slowing. Curves illustrative of thew differing 
effects of fincas on yruwth rate are shown in Fig. L The sulid lines 
badicate periods of Lculth, the dutted lines show scute Diness, and broken 
lines a mikl middle car infcetion. The fine Tinea represent average 
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| bicep a large quantity of data concerning growth of infents 
must be anulyzed in order to determine standard rates of gro«th, 
aeuch ean be learned by following carefully the growth rates of small 
groups of infants, living under earcfully controlled comlitions of housing 
atul diet. During the past ten years the growth of more than 100 in- 
fants hus been su watched, many of the inf-nts being studied during the 
greuter part of the first year of life. For a largo number of these in- 
fants the major differences in the dictary regimen have heen in respect 
te the source amd quantity of the vitamin D supplement, changes which 
aeceaarily involve! also altcrations in the vitamin A intake. 

The Srst publication of this scvics' demunstrated that infunts given 
a gual dict containing appruximately 310 units of vitamin 1 daily from 
tod-liver oil,® grew at rates faster than the averages reported in the 
receut Hiterature.®* It was shown abo that infanis gives the same 
dictary regimen but obtaining all theic vitamin D from milk containing 
335 units to the quart, grew at rates average by the abuve mentioned 
gandanke These standards, in turn showed rates of growth more rapid 
than the averages repurted ia 1920 or carlicr.* The evidence indicated 
that vitamin A was not the inipurtant factor, and it wax eoueluded that 
the inereawd rate of skeletal growth was duc to the effert of vitamin 
D. These Andings were sulscqucntly confirmed by Slyker and so 
workers’ in a well-coutrullc! outpaticnt study of a Large number of 
infants. 

The present report disctrocs factors affecting the interpretation of 


growth rates of individual infants and extends the study tu include s 


group of infants siven frum 1,800 to 4,600 cnits of vitamin D daily. 


In a study of a Large group, individual variants may be disregarded 


as being relatively unimportant. Im studicy of small groups, these 
wariants may lead to erruncous cunclusions. Fos example, it ix well 
* hnown that tall babies tend fo grow faster than short ones. A haby 55 
* qm. long at birth will grow 27 cm. during the first year if bis growth is 
- gwerage,* but the average increase In kngth of @ baby 45 cm. long at 
| Pram the Department of Peliitrica, State UntversRy of Towa. 
Pak tote speattt br smate fowme Mees Johnson & Company, RronevEie, tat, 
end Xu! Ou Products Company, Ila! =. 
The term asite thresghout this artichs 
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birth is only 22 em. TC the tnfants of a small group are predowa 
elthee large or all, the growth reoalts mart be interpevted ereordinets : 
Itnens abo influences the rate of gruwth in length. In our experience, 

Rincss sccurs always to cause a slowing of growth, but the retardatiog 
may be of short or long duration, may ereur during the illnens, of after 
the infant has recovered. This periud of slower grunth is uenally fol. 
lowed by 2 period ef more rapid growth, which weually compensates 
entirely for the earlier slowing. Curves Hlustrative of these differing 
eficcts of Mness on growth rate are shown in Hig. L The slid lincs 
indicate petiods of health, the dutted lines shuw acute ilacs, and broken 
Vines a mikl mikkWe car infcetion. The fiue lines represcnt average 
growth for infauts of the given age. Te will he oluctved that fullowing . 


an attack of acute brunchitix of two wevks’ duration, the growth of In. 
fant Ma evmpletely cecal for a peril of four wevks; @ similar eco. 
thun of Finear growth was olncrved in infant B after acute laryngitis 
Poyniring tracbeutomy. Both infants salecquently compensated entirely 
fee the temporary sluwing of grueth, Bronchitis fullowed by mild 
mikle car infection causal ecwation ef gruwth fur six wevks in infant 
Ho. On the other hand, acute Lrunchitis in infant T and pneumonia in 
infant P, both yuung infants, caused 3 slowing of growth for only abuut 
two weeks, while brunchitix followed by mihDe car infection caus little 
or no slowing of srosth until after aven wevks of Macu for infant M. 
The taxt named infant r-wwed grueth ax soon ax he rerwvered from 
the mille ear infcetion. The entire growth curve of infant P iMustrates 


the fact that a chronic low-grade middle car infertion may bave a far ‘ 
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more marked and lasting effcet on the gronth rate than & single acute 


Mines of much greater severity. In order to dundge the effcet of nutrition. 


on the growth of a baliy who has been il, the growth rate should be 
followed for & suificient period after IMnens te include both the com- 


Pensatory period ef more rapid later growth and alo a period where’n 


growth occurs at the baliy’s normal rate. = 

Detailed ard careful observation of infants under controled eondl- 
tons often Indicates an apparent lack of Feiationship between the rate 
of growth during the first six to eight wecks of infaney and the dictary 
regimen given the infant. Fig. 2 shows the growth rates of three 
infants given as the sole source of vitamin D milk containing 135 


Units tothe quart. Curves A and B indicate a steady rate of growth; 


eurve C shows a mnch more rapid srowth rate until the cighth weck 
of life, after which this growth curve parallels the other two. All three 
Amfants were given the same dietary regimen throughent. The growth 


sce m Wins at a Wins 
Te 2 : Vig. & 
Wie. 2—Creeth rates af there infinte BI6G mim enntilaing 123 waite wf vince 
D te the qurst a» 41 Aitemin The growth sates of all three infants 
were 


obrmal. eurlier mth of inf, - seat 
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ry 
infected by fue futon, that of infant 
. 


of infant C after cizh! wecks shows that, throughout the entire period 
ef infaney, his growth rate woul Probably approximate that of the 
other twe infantz. A short term imly of this infant, particularly if 
Ruasurements were taken only at the beginning and end of the study, 


mizht lead to very erroneous concludons concerning the efficacy of the 
diet. 


Fig. 3 shows the growth curve C In euntrast te growth curves of three 
fafants given 350 units ef vitamin D daily 3s colliver oi Jt will be 


Byted that curves E and FP show rates of srunth previous te eight weeks: 


which are more rapid than during the later perio, whereas the growth 


* 9 


_ Fate Blustrated in eurve D fs consletent throughout. After the eighth - 
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week, the tates of growth of the thrve infants given 310 units of vitamte 
D daily (curves D, K, and F) ave very similar and noteworthily greater - 
than the rate of grovth ef fufant G, who was given mitk containing | 


135 units of vitamin D to the quart. A comparison of curves Cand D © * 
Mustrates the error which might easily arise if growth rates of curses = 


C and D were compared only at fit measurement and at or near the 
eighteenth week of life. Such compurison would show equal growth 
which might be wrongly ascribed to dict. While growth of the two ine 
fants is actually equal up to the cighteenth week the growth rate of : 

infant C is the resultant of two factors; that of Infant D is apparently 
affceted by only one, Ruth infants C and &, on the other hand, show ; 
rapid early growth. The two eurves are approximately paraltcl to the 

eighth week, but thervafier the rate of growth depends directly upon the - 
dietary regimen. It seems, therfore, safer when studying gruvth of 
fndividual ‘infants in relation to dictary regimen to eonsidcr only the 
rate of growth after the cighth week yf life althonzh the regimen should 


_ be instituted as soon after birth as poxsible. . : 


We are as yet unalile to state exactly the cause of these differing rates 
of growth during the fint two months. In the few cases wherein se- 


_ Curate dictary am? medical historics of the mother could be obtained, 


the rate of growth of the infant during the first two mouths currclated 
well with the nutritional and phyxical status of the mother at the time 
of the child's birth. 

Ja studying the rate Of growth of infants given lurge amounts of 
vitamin D, the entire growth eurve of cach infant is prewntel, but 


only the part uf the curve after the eighth week of life is considered ne : 


indicative of the effect of dict. 

Tu this study vitamin D was given from three snurces, two of which 
coutained also vitamin A. A hich unita:e eul-liver oil® was given two 
infauts in the-amount of three standard feaspeonfuls daily, which ab 
lowed an intake of about 1,800 units af vitamin D awl 6,300 units of 
vitamin A. A cod-liver ei euncentrate emulsified in ercam{ was used 
as the second source; 3 ¢.¢. were added te the daily feedinzs of each 
of three infants, permitting a daily intake of 2,200 units of vitamin D 
and 1,400 units of vitamin A dispersed in the mitk. During the last - 
three weeks of the study the vitamin A content of the concentrate was 
inereased tenfold, alluwing 14,000 units daily, the vitamin D content re- 
maining cunstant. Vioxtcro! in oil was given to four balhiecs in amounts’ 
allowing shout 4,500 units of vitamin D daily; this greup ef infants 
Feecived no vitamin A in addition te that of the foml, The Radics were 
eatricl out without regard to scasnn, and during the summer meaths 
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the Infants were vutours when weather Permitted, While the group The mrwul lafant (B) ; : 

Po : . Inne growth rate is shown in Fig. §, was 
attuliod by small in number, the degtve of dietary cuntrul was excellent, : s miven (<2 vaspuntuls of eval liver vil daily, permitting an intake of 
aml the yeuwih rates olsersel differed consixtently fruus thone of infants ' i 


1400 units of vitumin D ail 62100 its of vitamin 2. This inf. 
imottunca ° ‘ tis omin D aml 6200 units of vitamin This bnfsut alwo 


. showel evhlemy uf dhercacl stuwth afler about 6 months of age. The 
The growth rutes of the infants aro shown In Figs. 4, 5, end 6 in com: t stwily of baby B evuhi he evutinucd 


only until the thirty-sinth week of 

parton with the Kornfchl sMurvtasd eurves as background. Fig. 4 : age; the feeling Instructions at discharge allowed only one teaspoonful 

shows the lincar growth of two girls, une given eul-liver oil (1,800 units : of cod-liver oil dhily. The bahy visited the ward on her Set birthday, 

. 0 vitamin D daily), aud the ether viextcrol (4,000 units of vitamin D At this aze she wns considerably taller than baby S., whe was the same 

* daily). Neither child showed extremely rapid growth during the first : age. As will be scen frum the chart, the two were of almost hleutical 

* two months; Luth grew eunsistently faster than the average rate until height at 36 wevks of age. The rate of growth of baby B, therefore, must 
20 to 23 wovks of age. At that age a short period occurred wherein a have heen above Bormal after the vitamin D dmage was deereascd. 

grewth ecascd cutircly, afice which luear growth was Teste! at 2 rate : Four other girl infants have lnen’ studied (Fig. 3), but ouly one 


coukl be studied throughunt the major part of infancy. This infant 
(Sa) had heen wel an a xuhjeet for a stucly of the effert un growth and 


ry Ss s = = a s E th of 

act wm Weics ji Pia £—Linrar crow fone 
bal : S oneehs akioal ba Ber saad Fouad rite, 

‘ ehecreet when tle: vitves hese 

re tegpreciiarel gia gastend ks rep anepirape a very bich deeu ce. Dobire bee ; 


P Mar, Iiehg 3: Hil Mae, Maby & : E 
: : z The eisrice ev; 

behow the average mermal. Infant S whe reecived viederol was xtndied Stet Infante given 1680 te $686 unite of vuamin D _ : 

under thin regiuen until 40 weeks of age. As sume devrvane fy appetite mincral retention of a vitamin D intake of 270 units daily a vb ! 
© bed been clecrved, thiamin (vitapin B.) was aki to the ily dict in That study hed been discontinued in the xpeing aul the huhy, then 21 

the form find of an extract of rice Polishinzcy later in @ form combined : weeks ohd, wax thetvaficr given 4,600 units of vitamin Th as viasterol, © 

he B the carbuhsdrute (2 destrin-oultone mixture) of the milk frwking, - The rate of growth to 21 works hal been average; afler this perind, the 

* fuervune in grveth rate folbowedd, bait ax loth forms uf the vitamin rate was consih‘rably below avcraze, remaining no thronztout the xtualy. 

wilition proved Inxative, meowitating reat periok, the we of the ~ The failure of the nich vitzmin D deaze to inervae grwuth rate i ia 

tisain obition woe dhewntinont aud the vitawin WD dhnaze wae contrant to the increase in growth rate nuted in haby S whew O00 unite 

ehanzel te one teaqueaful of cul-liver wil, emtzining ahwut GOO onite of vitamin D were suletituted for 4,000 units, 4 : 

of vitamia D. Growth wax maintaingl at greater than average rate for Baby Ba was riven 4,600 units of vioderol daity frum the date of ber 
a the study of the infant ee _ Sdmision at the age of 9 weeks. At 41 weeks, the bally left the hospital 
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Growth wos shout 1 em. greater than the average rate snd had not yet 
shuwol evtlence of slowing, a result similar to thone observed with fo. 
fants S and fi at the same age. 

Two girl infants were given the “high vitainin D milk’* made in f« 
laboratory by adkling to‘cach day's feeding enough cod-liver oil con. 


* eentrate Pixpcrecd in ercam to give a total day's intake of 2,200 units. 


There Infants soull Le stulicd fur leas than six months, No deercase in 
appetite was observed. One infant, Br, stew at a little leas than average 
rate at the beginning of the study, and at average rate after the ace of 
eight wecks. The growth of the ather baby, J, was faster than average 
from the eighth to the fiftcenth week, then showed a definite slowing 
for the succecding five weeks. The vitamin D intakes of both infants 


were then chansvd to 400 units slaily as owt-liver ail, Subsequent growth 


fs shown as duttal fines Raby J showed average growth for four weeks, 
then sharply sevel-rated growth for the succeeding four week Baby 
Re‘s growth was maintained at average for four wecks, and then the 
fate incecased sumewhat. ees 
The growth rates of the thive buy infants are shuwn in Fig. € The 
eurve, G, indicates the cruuth of the hahy given 2,200 units of 
vitamin D in the milk, ax the col-liver oil enncentrate dispersed in 
at better than nermal rate wntil 36 weeks 
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of age and frum then tv 24 werks at lutely mocmal rate. After the 
twenty-fourth week growth wan definitely slowed At 29 weeks of age 
the high vitamin D Cooling was diwvntinuct, amd 400 units vf vitamin 
D as col-liver oil were siven daily, The growth rate vhowel an almost 
fmmertiute inerva, which was maintained fur a perinl of six weeks, 
wntil the stuly was concluded. . 

A sceond hoy, A, was given 1,900 units of 1 daily as cod-liver oil 
This baby bef the humpital at 1 weeks of age, before any slowing of 


- growth was olmerved. The chikl’s appetite was exevtlent throughout 


-the study, i . 
The third boy, K, was remurkable for hts 
out the entire study. Ilia fuud intal: 


Alter twe weeks the 
length bail inercased 66 
em, ia this period. 
cheayze and studied ep 
of growth to er below 
infants who was then 
given a lower chase of vitu ain D, 290 to 600 units daily, showed an ine 
ereascl rate of growth, fuur of the five growing at markelly greater 
thar average rates for per'als of four to ten weeks, . 

Ta some of the infants the deerease in rate of growth eberveld when 
the very hich duaye of vitamin D way given could be awsibed to de 
etewenl appetite with curmeyticnt foul refwals; other infants, however, 
showed excellent appetites thruuchout the study, but the growth rate 
oukl still be inereuxed by decreasing the daily vitamin D ingestion. 
The depressiun of appetite occurred ax often when the vitamin was given 
im coneentratal form, as when it wax ingted as three teaxpounfuls of 
el : . ec . ae 

Four fufants were given nu vitamin A in adklition to that of the food; 
ef these, two grew at kus than average rate amd one at average rate 
during liter infancy, while the atuly of the fuarth was couchuled! at 
twenty-one weeks, at which time she was srowing at averaze rate. Twe 
Of these hahiex were Lifer given ecal-liver oil containing 400 and 600 units 
of vitamin D, 2500 and 3,200 units of vitamin A, respertively. Moth 
habies showed a dfinite increase in rate of growth. 2 ge 
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Tore Ballon sere glyon theve tevejomatute af cul love oil, contaluling 
$2,000 too 2900082 unite of vitamin A in acklithon th: that af the font, One 
+ Baby grew af bees than average rate after Bo srciin of ages at 38 weeks 
of axe the cut-fews vil Soon wan doereased (5 one-tiire of its former 
level, thus deervusing the intuke of both vitamins A and D; gromth | 
Ptorculed more capiily, The xcrond fufant was studied only to 13 wecks 
of age, the rute of growth was alove average at that age, : E 
Three hubied were given 1,400 nits of vitamin A daily Sn sddition to 

. that of the fowl, Nuring the last few weeks of the vitamin D study 
the ritamin A reuteut of the dict was inereaecd tenfold, the vit.mia 
- D ingestion rsnsining ewusiant. The Growth rute of twe of the three 
Enfants continued to dcerease, that of ihe third remained ipper«imately 
_ he mame. Whee the citemix D intake was deereased i9 00 units 
i ee. Uaily and the citumin A fetake te 2,800 unite, the rate «” vrowth in- 
ercased fur all infantg. ee 
Of the five infants nivdiad to thirly weeks ov Liter, fou prevented @ 
very lefinite slowing of yrowih, one grew of axcrage cate. The infang 
who grew at average rate and two of thon is: avout rate was below 

averaze received no vitamin A in acditios to that ef the food. One 
* fnfant whose kiter growth was below wVverage, received 6,350 units of 
vitamin A in a:hlition to the vitamin D; her rate of growth was prac. 
theally blentical with that uf one of the infants given ne added vitamin 
_ & The ith infant was given a tenfubl inerease in amount of vilamin 
A for three weeks of the study without any olservable tnereaxe in 
growth rate vevurrin,, in entrast to the prompt increase in growth rate 
when the vitamin D intuke wax lowered, Thus, the slowing_of growth, 
shen olwerved, was note! in infants given additional vitamin A er only 
that of the dict. .The inercancl rate of growth which followed the 
lowering of the vitamin 1) intake uceurred whether the vitamin A infake 
was lowerat markelly of increas, Vitamin A, in amounts above those 

supped by the fonl, apparcutly doen nat affect linear growth in in- 
fancy. 
The strdy of these nine infautx Indicaten that when vitamin D ts fed 
fo Infonts in amounts over and? ahove 1,500 units daily, growth pro- 
ores at averaze or greater rate up to about 6 months of age, aud that 
after 6 months of ae, Inercase in length orcurs at average or lexs than 
avrrace rate. The rate of cruw.A with very high vitamin D dosage ts . 
' thus about the same an had heen observe! for sixteen infants given 
Vitamin D milk containing only 123 units to the Aiart, amd ix lcfinitely 
slawer than the srowth rate observed in thirty-ix infants given HO units 
cP D daily, - 
Very similar results in growth rate with hich vitamin D intake are 
reporter! in a larze eutpaticnt studs by Pratuan and Wiggune® These 
authors report growth rates‘ef 1212 subjects (S77 hays and $33 girls) 


Ph 
of whoin 60 per cent came from the mihtle or wvalthy clases, The in- 
fants were of American parentage, with porthern European stock pre: 
dominating. The dictary reginen was very eurvfully supervien? anid 
included vitumin D as follows: “*Cud-liver oll or une of its aulstitutes 
& started at four weeks By two months cach child reecives alaily 9,000 
@& wore units of vitamin A (USI. XI) and 1,600 of more units of 
vitamin D (U.S.P. Xf). At & months this due fs inereasal to a 
minimus vf 20,000 units of vitamin A aim? 3,200 of vitamin D, After 8 
months the amount varics frum this minimum tu a maximum of three 
thes this quantity, depending on the condition of the chiki’ 

The average kngths oeerved hy then fnveatigatoms are shown In 
ehorts 5 and 6 as cirekx It will Ie noted that the average growth rate 
for the boys is alaunt identical with the “upper average’? fine of the 
Kornfeld standart, aud for the girls, exactly avernge aceunling to the 
damian “That average growth was achieved hy the watpationt group 
and lew than average growth was ubervedl for many of the infants uf the 
‘Prownt study may be attributed tu the hetter degree of control always 
posible in inpatient studia, ‘he data prvented by Peatman and 
Higzons thus support adiwirahly the data procntal, fu this raper. 

The efect of vitamin D ou Mncar growth apparcatly reaches a maxinuns 
and further inervascs in Intake result in decreas, rather than Increased 
tates of growth. The rate of growth of infants given 133 unit vitals 
D milk bs greater than that of infants given no vitamin D;*? infants 
xiven 340 units’ or OOO unite of vitamin D daily grew at nuteworthily 
arester rates than those reviving only 135 unite. No definite differ. 
ence in growth rate appeared hetwoon the groups given HO and thore 
xiven 609 units of D dbily. Infants given very high cheage of vitandn * 
D (1,800 to 5,000 units daily), however, prow at rates definitely lew 
rapid than these given HO to 600 units, and approximately equal to 
thoxe of the group fed milk containing §33-units to the quart. .A few 
infants given these high dheages prew no faxter than infants reviving 
wo ahlitimal vilamin D.“* ; Is 

This stuly of growth of infants with » high intake of 1 brings out 
an ahlitional facture which must Ie considered in sdidlying the zruwth 
of lnlividusk, namely, that mune factors of dict definitly affecting 
growth may not show a noticcahle effect until the infant ix more than 
6 maths of aze. In order tu determine the effcet of a ziven dictary 
tegiuen wpwa the rate of growth and development of the infant, it 
apprans necewary to study the infants threuchont the zreater part of 
the fist year of Fife. 
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The rate of fincar crowth of nine infants given from 1,509 to $,600 
anits of vitamin D daily has been compared with standard ratcs ef 
srowth, and with the growth of infants given the mame divtary regimen 
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THE JOCRNAL OF PDI ATRICS : 


- but amownts of vitamin D varying from T3 te 340 units daily. The 
rates of gruwth with the very high vitamin D Intake were similar to or ; : A 
Ieos than thwe of infants given 135 units daily, and definitely lower ©. fe sa ee : : 
than the growth rates of infants given 340 waits of vitamin D daily, *, -- | ENCEPIALITIS RHEUMATICA : 
It b emichaled that the effect of vitamin D on increasing Tincar growth Sg . ,, , (MOREA MUNOR OF SyYDENIAM) 22>. - 
traclns 3 masimum when the vitamin D _ is.greatcr than 135 and =. ~" cn eS Fs Pircxoets axo Cocme a 
relia 1,00 units, probably in the See ee eee Ste - EROS: ; Meow McCruocn, WD. « - fe oS 
Vitamin A ia amounts execeling thine of the food (milk, vegetable, eS Sr. Lous, Mo oe 
atl fruit purées) apparently docs not affcet linear growth ef infant. ~ . I STLODUCTION. —Chorea continues to be a diwase ef great poll. 
Factors affecting growth ratcs of individual infants are diseunsed. It 28 une of its freyuency of ovrurrence, 
is conctnded that in order to determine the effect of the dictary regimen, : . jon tu rheumatic fever. Revause of 
growth shoukd be studicd well Past 6 months of aze, preferably during i the mature of the comlition there im great diftculty in weuring dircet 
the greater part of infaney. Growth during the first $ weeks of life evidknce of its cause, evunre, and relationship, It is the purpune of this 
may he affevied by factors other than the dictarz regimen of the infant. paper to discuss, first, the concept of the dixcaw formed from an experi 
* : 5 = ence during the past twenty years at the St. Louis Children’s Uospital, 
REYYRIXCIS Es SET in the Children’s Canlize Ctnie, and, seeund, to describe the commun | 
& Mearns @, Jeans, P.C, and Vantevar, Vir J. Prout. 9: 1, 1924. conditions occurring in pealistric Practiw which simulate the dime 
= Meimfctt. Wit diets, f, Kimlerk. 48: 188, 1929-38, : e : aml may be confused with it, a. 
ras be o “Ets E Rear Ceiiren, Birth to Maturity, University Dr. Marritt was always interested In cach ease of ehorea on the | 
re City, eae Cah, %. By, tak ag Oi tee wards and stimulaicd others abuut him in the subject. Probably: the 
Mee. Raper, Ril. & Met. S37: dia, 18738 x Te L : elusive, unknown, uncertain features challenged his acientifie mind to 
in @ Teteas, SO, and Wicsren Bike cam, J, Dis. Child, 85: 1233, 3908, search for something new. ne : 
os i c : en : Mixtery.—Since Sydeuham's original description uf ehurca® ia 1686, 
very Tittle important information hax hen abled Cheadle? pointed wut 
clearly aul definitely the clase tlationship between churva and rheuma- 
than in chiklna end probably was the first to emphasize the peculiar | 
manifestations of rheumatina in ehiklren ax compared with adults, Mis 
description of chorea supplements Sydenham’‘s with accurate clinical 
ehervations based on principles of mele melicine, Siuce Clucdle's 
werk nothing has ben added to vur hnowlalzge . : 
Pathologic reports are extremely meager, there being no mention ef 
the disraxe in mast text bouks of pathuhycy, Clinical atadics and re - 
Ports of importance during the past twenty years evme from cither 
weurulugits and paychiatrinix?* with emphaxis on the symptoms and 
relative te other types of incuenlinate movements of chiklven, or from 
pollatriciaus,” %° and canliolugints,"*" with mure ctapbasis on the reis- 
then of the dixcase to the rheumatic state and its manifiriations else 
where in the body. These reports dewerile hav the aytnploms and more 
the underlying caue of the diwaw, fhe wikexpread lesions ef rbcuma- 
tim in children, and the high incidence of heart diwave in te seucral 
grup, Many of thee repurts are eunevrnal with the direct relatiunship <= - 
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tg mecemnful inane may well bring evlithe, an De, Mice. 
we ence more under the agin uf 
paseteian. Meanwhile, when the changes in the 
5 re are deemed irreversitde or the patient's life is in 
eat the heat chance of restoring health ta hy nulical 
j-coey, undertaken ax soon aa powibic., ‘The thought. 
aod surgeona in apeelal centres, who have perfected 
seal technique and Improved the appliances for tho 
cont, han muds ileostomy and excision of the colon 
. operation which offvrs the paticnt a safe, confortable, 
* dunrestricted life. 
seb D. Laxa Sravexsom, 
H RELIEP OF MENTAL. HOSPITALS 
sa,—De. Atkin (July 4) seems to ovorlonk tho fact 
a mental hoxpital fe, to all intents and purpose, 
+ yinetiluto for detention y aud no saparnte unite within 
: , salle woukl alter that feature, Moreover, the tine 
{ ‘.eevers mental hoapital will have such units isin the 
ate future. EB 
the need for reliof in vory acute in all parte of the 


{ mtry3 and wo have to mly on buillings already 


*% although «1, ; sopling auc ataffod, - At soveral genoral hospitals [ 


subjentedt Wam!! 
he vulneratitit, 


“ity of secmuly, 


, te found rooms wninsed, ‘Shes rooms could be con. 
ted into unite of the sort I have proposed; and, 
wo overy many inental hospitals, they eoukl work 


' Of cexemati-g ¢ shunt having the full stating described by Jr, Atkin 
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4 inlispensablo, Surely, too, tho overcrowding of 
{patients whe should be in a general hospital. 

f should have understood er. Athkin’s reluctanea 
‘ter if he had been writing from a general hospital 
sther than a mental hospital. We aro, however, in full 
srewent on one point: like him, I believe that my 
rpmal to sot asido aged ams Veds for inental 
crate is unlikely to get much immodinte aupport 
-aa other apeciniista, But I also beliovo that the time 
weamo when it shonld by rreognined that paychintry 
+46 fess than tucdicine plus the art of uiderstauling 


i | catal bowpitals fe to a great extent duc to adminsion 


kh further without the aid of its crudo but powerful 
“Usapidly growing younger brothor, 
sis °° ice J. W. Mocunze, 
ANFSTHESIA AND CLINICAL INVESTIGATIONS 
ie,—With the principle atated in your leading article 
tweeck fow woul disagrse, You aay “that tho only 
‘sta limiting the uso of anosthosia for this (pneusmo. 
-epbalography) and many other investigations that 
eu disitess shoul! be the aumber of traincd ania. 
* iste"? é 
However, it in one thing to define a Hialting factor, 
ed quite another to remedy it. Over a derade ago, 
Itand that tho dutica of anwethetiat In a largo loaching 
‘«pital could be accomplished hy a inixture of ratue 
‘ak and eomimon sense. Since that thie i¢ has become 
‘sions that eheer practice anil experience, however 
‘Wensire, in not adequate without proper training. - 
Te my mind, tho most eerioun question pent by the 
sideration of anusthetion and clinical investipation 
‘that of training. Trained anathetists are not unduly 
“merous; and sonlor anavathotiata, whe alone can pase 
their apecial akill, arn even less numoruus, One has 
78 the stiffening of the siandards fur anwathetio 
‘pomas—and rightly, for the reaponnibility carcied by 


; ‘*anwathetivt hae increased very greatly. Experience 


“shown that even after the potential anxathetint bas 
“+8 allowed time to become a reasonably exporivnced 
~veian, at least two yeurs of uninterrupled training 
“A mpervinedt work, solely in aniwathetica, is Necoasary 
fem anathotics for clinical invoatigations should 
tekled, 

Whereas at an operation, an experionced surgeon {e 
rent (at loast a couneol and companion in crisis), 
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large parts of a clinical inveatigation may be entrusted 
fo technicians. Aa uw rule thee technicians are well 
trained and qualified in thelr speetal task, but lack the 
brvader background of elinieal experience. The anaa 
tletic may be prulonged Jong after the removal, fer 
example, of a lumbor-punctare necdie. The anratheting 
way often find himeclf virtually alune to deal with 
dengers and dilicultics, arising, not from the 
but frum the ewentinl nature of the investigation, The 
better the annathctist, the more likely these are to 
occur; fur goad anwathesia encourages thorough and 
wethodical investigation, which takes a long time, 
Investigation liko this is greatly to the advantage ef 
Prociag diagnosis, and anrathewia ts of real value, for 
the conscious patient simply eannet tolerate the ordeal 
of lengthy prenturing, In uclditiun, the anrathetiat may 
ailjust the blood-pressure to’ awiat the insertion of the 
necillo in carotid or vortchral arteriography. a 
+ for one, would rejecd absolutely the idea phat 
patients shoul! gu home after a lung anaathetie, whatever 
tho agent. ‘Lu perniat in such a practire woukl, in my 
Opinion, guarantve u collixion with untoward cireumstance 
—sooncr or Inter. Tho fient twenty-four houre after an: 
aurethetls belongs w the anreathetiat to follow up his 
cow, and it should be eluimed as a sight. Ae there are 
rarely aurgical considerutions altor euch inveatlzationa, 
theso cuses offer particular scope for observation and 
clinical exaimination in tho postanmatbetic phase. 


Walter Saternity Meopital, J. Noxx Jackson. 


IDIOPATHIC HYPERCALCGAMIA IN INPANTS ' 


8in,—"* Marasinua,"’ 0 named by our predcveseors but 
& mystery to them, is no longer eunsidered to be a singia 
disease, and (an you noted suina monthe sen") many ef 
the different conditions included under this general tera 
havo now been separated off. Aa we turn the fine adjnat. 
toent of tho diagnostic microscope, it ia moat important 
tw avoid confusion in our new and, we lupe, more accurate 
terminology, Cuufuelun at any atago, eapecially at the 
beginning, can sap 4 Linder progress; inaticulous enre 
must therefure bo taken over nomenclature. Ideally each 
now diseaxe namo should indicate the xtiology ; whea thie 
{s not yot posrillo it should bo accurately descriptive, 
preferably in terme of funetion and atructure ; failing 
this it muat bo simply clinical, . 
[Attention is now being directed to @ group ef dis- 
turbances affecting infants in whieh ebronie hyper- 
eulcainia ie prosont, not oasoclated with overt poloning 
by vitamin D or with hy perparathyroidiarn,J The nomen. 
clatur’? used in tho desuription ef these eases of hyper. 
calecmia will not bo cary until more ia known about 
them and cepeciuily about thele mtiology; for the 
moment wo can only label these syndromes descriptively. 
One type of syndrome manifosting hypercatewmia bas 
Leta Talnlled by obecryers in England und in Switeorland, 


an followns . 
pe nn, 


Gencrilised retardation, with rena! impairment, b 
calexinin, and ostevaclorosia of skull, (One pations, descr 


by Butler.) 

Cluronie h alcaomia with ceteoncleroia, eraninatencsie, 
and cortical noplroccioinonis, (Cae pationt, described uy 
¥unconi.*) : 
Subsequently, these English and Swisa patiente were 
more fully ruported under the title Chroulsche Hyper. 
calcimio, kombiniort mit Ostvoaklerose, HW yperazotimie, 
Slinderwuchs und kongenitalen Misshildungen* by 
Fanevai ct al.¢ 

Another syndrome occur, more eoramon thas the 
fist, which is more benign and shows a lone diatineti 
=a ar ary ne ee 
Mi Tate Hp digg ia HR. Rue, Med. 1931, 64, 896, 

3. Mancont, (, Achwols, med. Wacker, 10st, i, ong, 


4. Fanvoul, U., Giearuet, '., Mehiminger, utes, M. Bieck, 
dete. prcdial, Acta, 1957, 7, 314. said J 
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dinical picture (anerenia, vomiting, wasting, ennatipa- 
Hen, thirst, polyuria, and sometimes debydration) 5 fur 
thin ayrutrome the term “idinpathia hyperrulemmia in 
infants with failure to thrive” has been aujgeratedd asm 
temporary descriptive label © and accepted as conveniont 
by Mayne.¢ . 

The interesting single ease-roport published hy Dr. 
Creery (July 4) uniter the tithe “idioputhia hypercul: 
ermia of jnfants” is the firme example of  generaliant 
totardation with renal impairment, hypercalcemia and 
Osteanclerusia” to bo dexcriled fu The Lancet. In this 
case the features do net mateh thone which characterise 
“ tliopathio hypercalcwmia with failure to thrive,” and 


* they are typical of the syiulrmine described by the Swise 


and Isitish workers, [tie therefore unfortunate that De, 
Creery dit not uso one of tho labels already applied by 


+ these workers, It fs important to make this point in 
onter to prevent confusion mining at this stage of clinleul * 


doeeription whem our unclertanditiz ia limited, since it is 
ao diffienlt (o change wrong names when once they have 
heen puldished and indexed. ‘ 
There arw certain elinival features which ecrve to 
intinguish the eases of aimplo idiopathic hyperealermia 
Of infants from those with general retardation and 
Oalonprtrosis, 


(1) The simple hyperralermian are transtent and 
benign, there is no peculiarity uf the fucien, nu dintinetive 
bune changes, no cardiac bruit, and probably no hyper: 
tension. Ib bs probably sicnifleant that an amociatod 
renal achlein is occasionally found, perhaps in about | 
caw in fb. The scrum-calciin ja raisnd fiyon abuut 12 
me. (o 18 mg. per 1 ml. 5 and the bloud-utvs is usually 
rained Co about FU mg. per 100 ml. An a rule recovery 
begins to (ake place in a few weeks $ coincidentally (he 
blued chemistry returns to nemnal and the infant resumes 
fle natural cain in-weight, Afterwards tho intlligence is 
apparently nennal, 

(2) The cases with onteopetrosis have skeletal changes 
rescinbling Alben Seliimberng discas. Tha chemical 
ehangen in the blood are similar to Chose of aauple hyper: 
calewmia excerpt that thero nay bo a rise in tho biead- 
cholexterl; apart from this, there ia at present ne other 
chemical method of discrimination, An important 
Clinical sign in the prescnce of an iimprnaaive nyatulic 
thunnur, ‘There is na ev.dence that (his is due ta con: 
genital heart-discnse, an Dr. Creery (fullawlag Sehlestagwe 
eb al.® peetalates in hin case; the syatelic murmur in 
probably due to hypertension. ioth mental and physical 
Protess Is much eetonted te Chese casen and, although 


. Bn genera! improvement takes place, thy mental state 


usually ranaing poor in our experience. Tb secine tam 


“that the facial appearmce may be characteristics tho 


mouth in very wide, (he upper lid is often thick and 
deeply bowed, (he mandible evceden, the @ans are act 


* fow on the head, and the child lovks ill-eynpered and 


unhappy. : 
Althongh we heliove that thous two clinical pleturct nay 


"bo different syndromes, tho reverse is pucsililo, Thisis ® 


problem to bo solved by the atudy of many moro casce 
and, in order to do this, (uturo clinical roports should, as 
far as porsiblo, give the folluwing datas 


(1) Clinical photographs demonat rating the facies Loth oarly 


gant fate in the progeea of tho dinwao, { 


(2) atingenphs showing tho skeletal changes at differen 
stage, 

(3) Radiographs of tho kidneys at difforont stages. ; 

(4) Hlowt-prcnsir rentings, preforully mad by careful 
— to & woll-rovogninel technique, such as the flush 


smothod, : 
(5) A follow-up report and eatimate of tho mental ego. 
We would bo grateful to hear of any such exses which 


” the elinician eoncemed dove not himself wish to publish, 


Reomacy Licutwoop 
* ere i rehab \ Tuomas &TAVLY.TON. 


6, Vtehimond, WH. fru. MH. Mee, Med. 1052, 46, 4015 Arch. Dis.” 
Chitth, 1952, 37, 302: Ard. frane. Hedint, 1953, 10, 100, 
Payne, W. We slevk. dria, Childa. 105%, 37, 302. 
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fin-—{ have juat recoivel the Ministery of ib, 
clrculur un Veuprictary Veoparations.! 1 wonder ig { . 
alone in thinking that thia morely scratches a; 
surface of the proseribing prublen, 

1 would suggest that all drugs ean be elassified 5 
& large measure of agrcoment inte two categories ; 

|, Thono that have a provest therapoutie effect in cous, 
diawee procemon po a antiliotion) er eonteniling a, 
symptoms (0.g., hypnotics and ant ispaamedies), 

2. Thoso tint huve no euch proved effoet and ase ¢, 
laryoly a6 vehicles for sugguation (0.g., tonics). 
It in arguntlo that only druza of the first eategnr , 
frrepluccatle therapeutic agenta, and If free preneript 
was limited t them it would make a very big ay, 
in the deug bill, his need not limit the de, 
prescribing sincu the other drugs could be availahy . 
tho patient's expense; and in so far as they , 


Unowmential it docs met sce unreasonable that ¢, wh: 


should be paid fur. 5) ' 
However unpalatable i¢ may be to votes. 
Politiciins, the sope of the health service muat ee 
be limited by the funda available. At present ab, 
proportion of thone funds is being ineflectively ape! 
to provilo unessontial drugs. No action on the pan 
preeeribing doctors will matorially reduce this wa. 


unicas it in supported by an oifieial declaration 4 + t *epe? 


money avilable is fur tho free provision only ef dr, 
that have an agreed thernpeutio value. A lex nan: 

fleld of {reo preseription must divert funds & 

ce more effective imeasurcs in the Aight age 
incaae. 


Maslooreurh College, 
mf Wiltsiire, 


T. A.A. Noxves | 
VENOUS LIGATION AND POSTPIILEDITIC 
: SEQUEL 

8in,—It would be unfortunate if the waquale- } 
statement in the last acntence of the summary of tt 
paper by Vrofeawr Basd and hie eolleagues (July » 
should be tuo unreservedly accoptel, and if it she’, 
dixcourago further cautious eontrulled investigation vs 
thin method of treatment, ; 

Admittedly, the objective findings, as shown in t 


figuren quoted fur venous-preaure measurements, o>” ba nse ,, 


appear to offer convincing proot that the operate: - 
fuila to improve tho venous return. Many worker. . 
however, have found that the clinical results of t ' 
operation ary very much moro favourable than has be: . 
Profeg-or Jioyd’s exporience. Moore® recently repay. 
23 nuch cnacs, folluwed fur from nina months tea thee 
years, anil there was complet relief of symptoms: 
18 of then, aud in no caso was there dotsricration w 
undesirable sido-efrets, { 
Tho arguinent of Mrofessor Boyd and hia enfleagw: ' 
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against major vonous ligatiun in the treatment of chr tar’ 


gravitational ulcer is grently weakened by three farts: ey | 


“by thelr inclusion of 13 eases which had no ulcerative; 
by.thw variety of lovela at which the vein was Url; 
aud by the lirgo proportion of eases (the actunl nnmbr 
{fs unspecified) in which the operation was enmbinrs 
with locul excision and grafting of the wleer. Few vi 
agree that “ fomorul ligations are without doubs th 
lent wrmaticfuctory s indeed, most workers whe baer 
tricd both have reached the opposite conclusion, Tr 
poor long-term resulta of any type of grafting operative 
in theso legs have been a disappuintment to many ser 
goons; and vein ligution eannet be fairly asnened if # 
ia combined with an uperation which bas euch noturioets 
poor luto resulta, 

The authors stuto—alarmingly—that 6 ous ef bb 
paticnt(s whose poplitcal veins wore tied Lecame mort 
RR Cy nee? 
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Reprinted from Tne Lancer, July 17, 1934, pp. 110-114 


IDIOPATHIC HYPERCALCEMIA IN, 
JEANS WITH FE LALO THRIVE 

R. D. G. Creery 

. My “M.D. Belf., M.R.C.P., D.C.H. 
meee +° PRIXCLPAL BEGISTHAK AND TUTOR, THE ROYAL BMLPAST 
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D. W. New. 
4M.Se. Lond., A.N.I.C, 
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Mucn iutorest has been aroused by the success of 
Diochemiou! methods in the investigation of the wasted 
infant. This interest has been futher stimulated b 
recognition of the syudiomo of “ idiopathio lypereal. 
omnia, with failure tot licive’’ (Lightwood 19534), ip which, 
“anorexia, Vomiting, and constipation ure associated With | 

v wasting, hypotonia, and elevation of tho serum-calcium a 
2nd blood-ured levels, Clinically ccuuditiun simulates — 
Qufuntile renal acidosis; the wtiology i own ond | 
Spontancous recovery is the nue, 

We liere describe 18 cases scen in the Royal Belfast 
Hospital for Sick Children and the Ava Nospital during 
the period April, 19352 to Juno, 1054. 1 case previously 
reported (Creery 1953) of idiopathic hypercaleinia with 
‘eval impairment, ostevsclerosis, craniostonosis, hyper. 
tension, and general retardation (Fanconi and Girardot 
1952, Schlesinger, Butler, and Black 1052) is not included, 
Becauso it is at present uncortaii What relation this 

- typo of case bears to the 8) dromo under review. 
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Observations . 
ZTIOLOGY 


Sex.—There woro 11 females and & malos in the series. 
Pregnancy and Delivery.—Vregnancy was normal in 
cases; in the remainder it had been complicated by 

, tonsiderablo vomiting. There were $ twin. pregnancies, 
one twin from cach pair (1 identical, 2 dissimilar) being 
affected. 5 of tho fufants wero firsthorn and 2 were 
Promature. Delivery was normal in 10 cases and of 
unknown type in 1. There wero 3 forceps deliverics, 1 

* breech, and 1 caarcan ecction. } infant sufforod 
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Vitamin D Before Onset.—2% infants did not have 
vitamiu-D supplements, The remainder bad supplements 
varying from 400 to 1600 intornationnl units (t.u.) daily ; 
the majority had a daily dose in the ogiou of 800 1.U. 
An attempt has been made to asscas the approximate 
total vitumin-D intake from a consideration of the known 
dicts and vitamin additions. From thia it would appear 
* that 2 infants had about 700 1.0. daily, 6 had 1100-1600, 
7 had 1800-2400, and ! had 3200. : 
Preceding Alkali T'herapy.—7 infants had varying but 
regular dosago with alkali preparations :. 3 had agnosia 
in somo form and 4 had alkalino carmwinative mixtures. 
Preceding Illness and Therapy.—A_ precodin gastro- 
enteritis was noted in 2 cnses. In 1 of theso infants this 
‘Was associated with pyclonephritie und otitis medina, 
1 infant was said to have had a severo common cold, 
1 a sore throat, and 1 otitis media. In ouly 1 case was 
thero a history of sulphonamide medication, 


THE CLINICAL PICTURE 

Theso infants appeared to thrive at frat and the onsot 
of dofinite symptoma was usually clear-cut, at ages from 
efx weoks to nine months (sco table). In Rinfant, symp- 
toms wero present from birth, Vormiting—often unspec- 
taoular but occasionally severo and projectilo—was the 
Snitial symptom in 8 cases, and it occurred in all but 1 
of tho 16. In 4 cases the illuess began with constipation 
and in 3 with refusal to feed. In 1 case vomiting and 
constipation were noticed more or Icas simultaneously. 

* Vomiting tended to be moat severo duriug tho carly 
part of tho illness and gradually subsided. Periodio , 
exacerbations occurred, but it ceased with the child's 
Yecovery. Constipation was obstinate in most cases, the 
stools being infrequent, small, and hard, and it resisted 
the household remedics which were given with remarkable 
Perseverance. = Prom~‘stary alkali preparations were 
commonly used reguiarly (twice or thrice weekly) or 

.  @aily for periods of weeks or months with a singular 

- dack of success. 12 infants wero given magnesia prepara. 
tions, with or without additional alkaline carminatives or 
citrate. 1 received an occasional doso of carminative 
and 1 an occasional dose of magnesia; 2 had ro alkeli 
thorapy. Other laxatives wero frequently given without 
effect. 

All the infants failed tu gain weight normally, and somo 
‘wore 4-5 Ib. below their expected weights. Definite ye 
anorexia was noted in 12 infants and distaste for solids 
‘was conspicuous, 11 of the mothers thought that their 
infants passed an exccssivo amount of urine. The inothers 
ementioned thirst in 0 cases, pallor in 5, and * muscular 
weakness" in 4. 

Physical oxamination revealed little ‘apart from 

* wasting of varying dogreo. Growth in length appeared 

. ‘to be retarded in 4 of tho 11 infants who wero measured $ 
head circumferenco was within normal limits and 
¢craniostenosis was not noted. : 


Despite their-poor physical condition most of these 
dafanis Sie ae and contented, Uiough some showed 
5 Saeubarenannesmenenr sear enor meres? 


thy. This pleasant nature, associated wilh 
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Avcrage ee? —— (1 not connected 
Ww 
Below arcrage Secondary rine tn scrum-calcium 
ogc 27 monthe 
Below average oe 
Avorage 


Agere iriaht, Urinary infection et follow-up 

Slizhtly below Anemie at fonow-up (62%) 
Recurrent tonsitiar sepsis 
Anewmie at follow-up (66%) 
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iminutive appearance, sunken eyes, and a slender 
neck, has sometimes sugventce oO iagndsts. 

. Chinical ovidence of dehyare mtively uncom. 
mon (6 cases) and waa only scen whoro vomiting had 
been sovero or long-continucd. Though 8 infants were 
regarded as palo, anmmia was not a feature of tho illness : 
hemoglobin valics wore commonly Withit Horial Tints 
for ago and in only 4 cases wero they below 75%% (59%, 
60%, 65%, and 70%). Only 1 infant was regarded as 
mentally retarded. ypotonia—involving particut: 
the lees and sometimes cxtreme—-was usin . 

ther Tess constant findings were unexplained episodes 

of pyrexia (8 cases), farcal masses in the colon (6 cases), 
soft apical systolic murmurs (3 cases), and hypertension 

(2 eases out of 13 in which blood-preasuro readings were 

.. made). Intercurrent infections (colds, bronchitis, 
tonsillitis, otitis) wero scon in 6 cases. Alter periods 
ranging from one to twenty-two months (sco table), 
vomiting fivally stopped, appetite slowly improved, 
constipation lessened or dizappeared and the infants 

* began to gain weight and strength. 
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THE BIOCHEMICAL PICTURE 


In all but 2 enses tho initi:! examination of the sorum 
showed a calcium Jevel abovo 12 mg. per 100 mi., and 
in sotno eases it was as high as 10-17 mg. The blood-ures 
level was almost always raised, the mean being 54 mg. 
per 100 ml. The highest values obtained for calcium and 
urea in each case are shown jn the table. Jt should bo 
noted that some of these valucs were probably in part 
attributable to dehydration, ns shown by rises in tho 
apecific gravity of tho-plasma. Inorganic-phosphorus 
levols wero within the normal range for children of this 
ago, the mean value being 5:6 mg. per 100 mi. Values for 
sodium, chloride, and potassium were normal. Tho 
alkali reservo was generally within normal limits, but 
occasionally a little high. Estimation of plasma-proteins 
by salt fractionation gave normal readings (with an 
occasional high total value) the albumin ‘globulin ratio 

_ being normal. Electrophoresis on paper (13 cases) showed 
e in 7 casea an increaso in tho 2,-globulin at the expense 
of tho B-globulin: in 2 cases the y-globulin was alao 
inereased. Alkaline phosphatase occasionally showed a 
slight risc, and in 3 children the scrum-cholestcrol was 
raised. Serumn-magnesium (7 cases) was within normal 
fimits of 1-3 mg. per 100 inl. The changes in tho seruin- 
calcium and blood-urea during tho illness aro illustrated 
* in tho chart of a typical ense (fig. 4). The raised calcium, 
paralleled by a raised urea, characteriaes tho active stage 
of the condition ; reversion to rather high normal values 
takes placo after clinical recovery. [n somo cases tho 
blood-urea showed a much slower return to normal. 

The urine was examined in 15 cases. Tho reaction was 
varied: only J infant passed a persistently alkaline 

‘urine. Proteinuria was not a feature, and on microscopy 

a few pus cella were seen. | infant, however, had a pyuria 

Hee with a heavy growth of Staphylocnecue aurens and 
Sep SS proteus. Scanty growth of Escherichia coli was found in 
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Figs, ! and 2—Tea: 
margins of lower ends of radivs and vina and at the ends Wf 
metacarpale. Metaphyzeal rarefaction Is seen. 4 
Fig. 3—Similar changes ln ferme and tibia, 
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Big, 4—Serum-calclum and bloed-ures levels ducing treatment and 
folleweup. . 


6 casos and scanty proteus in 43 {n 4 casos tho urine 
was sterilo. In 7 casca chromatography of tho urino was 
normal; 1 case showed excretion of ‘phenylulanino in 
unusual quantity, and 1 of prolino. 


OTHER. INVESTIGATIONS 
On radivgraphy, calcification in the kidneys was not 
dotcoted in any case. As excess of intestinal gas com. 
monly obscured the renal tracts, straight radiography and 
pyclography (2 cases) guve unsatisfactory results. Tho 
density of tho skull, pelvis, vertebric, and thoracic cage 
always appeared to be within normal limits. a 


of the wrists were taken in 15 cases: theso wore normal in. 
- $3 cases but 12 showed transvorse bands of incseased 
- density at the metaphyseal margins of the lower ends 


of the radius and ulna with a similar appearance in tho 
metacarpals in eome cases (Nga. Land 2). In 8cnsesa similar 
appearance was noted in tho femur and tibia (fig. 3). 
Theso bands were singlo, narrow, and well defined, quite 
unlike * growth lines’ (which wero present dn addition 
in 4 onses); they wero reminiscent of tho denso lines scon 
An lead poisoning. Iu 1 child the bands were seen to 
dovelop as tho iliness progressed. ‘In 4 children followed 
to recovery, tho bands havo disappeared. In 7 casos an 


' additional featuro has been a zone of slight rarofaction 
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in tho metaphysis, proximal to which tho normal density 
of tho diaphysis has been resumed. ~ * 
Eloctro-encephalography (3 cases) and eloctrocardio- 


graphy (2) showed nothing abnormal. 


* THE DIAGNOSIS 
In the absenoo of any of tho common causes of wasting 
in infancy, a biochomical examination of the ecrum may 
bo of valuo in suggesting tho diagnosis. Tho pyuria of 
yolonephritis is generally moro severe than that of 
diopathis hypercalewmia, and the latter can be distin- 
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gulshod from pink disease by the absence of ——v 
photophobia, rashes, and tachycardia. Lut idiopathic 
renal acidosis eanuot be satisfactorily diagnosed on 
clinical grounds alone. : 
A study of these 16 cases, and of 13 cases of ronal acidosis 
ocourring during the same poriod, displays certain 
ints which may help in tho differential diagnosis, The 
fants with ronal acidosis had less often had vitamin D 
added to their feeds, and their illness had begun at a . 
rather later age. The cardinal symptoms of anorexia, 
vomiting, constipation, and failure to thrive wore 
cominon to both syndromes. Irritability and sighing 
respirations were additional but inconstant features of 
renal acidosis. Wasting was present in hoth groups of eases. 
Fecal masses, clinical dehydration, pi unexplained 
. pyrexia were more often scen in: renal acidosis, whilst 
de eat uncommon jn renal acidosis, was characteristic 
of the hypercaleeinio syndrome. Urine containing a traco 
of protein, and alkaline or neutral in reaction, was charac. 
toristio of renal acidosis; in tho hypercalewinic casca tlio 
reaction was variable and proteinuria was absent. Minor 
pyuria was found in both. Radiological sclerosis of the 
metaphyseal margin, similar to that noted in idiopathic 
hypercale:emia, has been observed in several cases of 
ronal acidosis, The final distinction waa mado on tho 
seruin chemistry. Tho essential difference was the 
finding of a persistently lowered alkali reserve in tho enscs 
of renal acidosis, This acidemia was not a featuro of 
idiopathic hyperealewmia, tho alkali reservo being 
-genorally within normal limits or in somo oases slightly 
raised. 
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WEIGHT INORGANIC 
(18.) PHOSPHORUS 
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Fig. S—Blood calcium, phosphorus, and wren levels during adminis 
* tration of cortisone, 
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. A transient elevation of the serum-calcium was found 
fa 9 of the 13 cases of renal acidosis. In 3 cases this 
was noted on the original biochemical examination but 
disappeared when alkuli therapy commenced. In 1 case 
hypercalewmia was found on tho first examination and 
onco again during the course of therapy. 2 other casos 
showed raised serum-calcium lovels as isolated incidents 
during the course of treatrucnt and whilo acidosis was 
still present. In 1 ease the hyporcaleremia persisted after 
return of the alkali reserve to normal. In 2 cases 0 high 
sorum-calcium was found on one occasion after apparent 
recovery from tho renal acidosis. In all other respects 
those casos were typicul of ronal acidosis. 


TREATMENT 


Of the 16 children, 14 wero admitted to hospital and 
the other two were observed ‘as outpatients. 13 received 
no treatment apart from symptomatic measures to rellovo 
constipation and (when present) dehydration and infeo- 
tion. Theso infunts wero given their usual diots without 
vitamin-D supplements. So as to reduce the vitamin-D 
intako further, a chango was usually made froin yita- 
min-D-fortificd milks to liquid cow's milk. In several 


- oases a synthetic dict of low enlcium contont and {reo 


of vitamin D was given for shagt periods: it was com- 
posed of soya flour, liquid glucose, peanut oil, and 
arrowroot made up with water and contained about 
75 mg. calcium per pint. In 2 of theso cases, in which 
tho poriods of trial werv probably‘too short, the results 
wero inconclusive; but in 1 enso thie diet produced ao 
gratifying reeponse buth clinically and chemically, In 
1 infant a course of cortisone was given: the doso was 
12-5 mg. daily by mouth, with gradeal withdrawal: 
potassium chloride and oxytetracyeline (terrumyein) 
wore given prophylactically, and on normal dict was 
continued. Clinical improvement was striking and the 
gain in weight was aveelerated. Tho changes in the seruin 
(fig. 5) comprised a fall iit caiciuia, yuo, Orns, urea, and 
potassium levels with subsequent 1'x8 on ceacction of 


therapy which was fullowed by a fall i weight. ‘The Zoll 


in the phosphorus level was particulariy marked, The 
urinary excretion of calcium was not esiimated. It is 
possible that this child was already entering the recovery 
stago and that somb of tho changes wero non-specific 
effects of corticone. Nevertheless the biochemical reaponso 
ie of interest and merits further study. Siimilar fudings 


were reported by Dent, Flynu, and Nabarro (1953) in: 
cases of sarcoidosis with hypercaleemia and impairment 


of renal function. 


YOLLOW-UP (SEE TABLE) 

3 infants remain in tho activo stage of the disease and 
1 has been fost sight of. 12 have been followed from 
apparent clinical revovery for varying perio 4 of theso 
have apparently regained their normal rate of growth 
and reached their expected height and weight, but 8 
still remain below their expected stature. 4 of these 8 
still show blood-urea levels at or slightly above the upper 
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Hmit, of normal, in 1 case even after eighteen months. 
Urine at follow-up has shown minor pyuria ("* occasional 
us cell "*) in 5 cases and seanty infeoting or nisme in 7. 
fofant had a florid Keck. coli urinary nfectiqn. 2 
infants had become anemic. 
. Discussion 

The clinical sud chemical features of these cases ere 
typical of the condition as described by Lightwood (10522 
and bh) and Payne (1952). In view of tho known tendenoy 
to spontaneous recovery, and the lack of hypophosphat- 
emia, hiyperparathyroidiam appears an unlikely cause. 

_ It has been suggested (Creery 1953) that alkali medication 
night be a causal factor, but in the present serics the 
syndrome haa been secon to develop in the absence of 
such therapy. Similarly thero is no direct ovidence to 

, implicate previous pyelonephritis as an wtiological agent, 
and the pyuria commonly found is probably secondary in 
nature (Lightwood 1052). - 

Smith (1951) stated that ingestion of inereasing 
amounts of calcium led to larger {rent losses but also to 
surprising degrees of increased retention, and that tho 
decreo of retention depended mostly on the amount of 
calcium in the infant's dict, which is 4-6 times as great 
with cow's milk. as with human milk. Stearns (1939) 
pbserved that retention of ealelum was much greater 
when vitamin D was added, especially if the dict was 
alkaline in ash; that infants fed with ample vitamin D 

* ¢onded to have scrum-calcium levels at the upper limit 
of normal; and that tho urinary excretion of calcium 
(which she said was normally under 20 mg. in twent y-four 
hours) was bigher in those infants who were fed on cow's 
milk. It is known that increased calcium exorction 
through the kidneys may initiate tubular calcification 
(Albright and Reifenstein 1848, Dufault and Tobias 1654) 
and further that chronic hypercaleemia may give rise to 
hyalinisation of the glomeruli (Dent, Flynn, and-Nabarro 
1953) with subsequent renal impairment dnd azotemin, 

Thatcher (1936), in his report of a caso which presented 
& clinienl picture similar to the syndrome under dis- 
‘cussion, attributed tho illness to vitamin-D intoxication, 
although the intake had not been markedly excessive 
by accepted standards. Variation of personal sensitiveness 
to vitamin D was suggested by Bicknell and Prescott 
(1942). Of interest in this connection is tho observation 
of Jeans (1050) that vitamin D in a daily dosage of 
about 1800 1.u. may give riso to anorexia, loss of weight, 
and retardation of linear growth. He regarded these as 
mild manifestations of hypervitaminosis D during therapy 
of an order uaually considered reasonable and harmless. 
He also pointed out that an additional feature of vita. 
—min-D intoxication in infants was & dense deposition of 
mineral in the zone of provisional calcification in the 
‘metaphyecs of long bones, this deposition being made 
at the expense of tho diaphyais. Similar findings had 
previously been reported by Ross and Williams (1939), 
and furthor elaborated by Ross (1952), who noted in 
soine eases a zono of rarefaction proximal to tho dense 
Ine, and periosteal changes. Lightwood (1953), in 
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‘ 10 
eecking an explanation for the hypercalcemia, has put 
forward the hypothesis that thero may bo an abnormal! 
sensitivity to vitamin D in these children, Unequivocal 
evidence of such a sensitivity is diMoult to obtain, 
espocially as it may bo only temporary, ‘ 

In one of our children in whom the sorum-calclum hed 
returned to normal without specific treatment and who wae 
roceiving a high calcium intake, tho addition of 2000 1.u, 

' vitamin D eid was accompanicd nf a riso in the serum- 
calcium froin 11 mg. per 100 ml. to 12-4 my.; in @ period of 
two wooks the blood-uren rose from 36 mg. per 100 ml. to 
46 mg. Yet on continuing the vitamin J) for a further ten 
days tho ecrum-eatcium fell to 11-4 mg. and the Liood-urca to 


36-4 mg. Throughout theso changes tho child continucd to 
improve clinically, . 


If, however, this postulate of abnormal eonsitivity is 

correct, the radiological changes in the long hones of 

: é our cascs, similar iv nature to those described in 

"Tew Aattp oe ca 8 — ND, 1 : 
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o>" .and added vitamin D; 60 there sceins to be considerable 
: + © wariation from infant to infant. In all but 2 of our cases 

‘=~ -“witamin-D {intake had been more than adequate by — 
‘* . accepted standards, and in 5 cases it was over 2000 1.v. 
Ae we dally. Calaium and vitamin-D intakes of this ‘order 
£m Mceagake it probable that there was alimentary over-absorp- 
i *  tlon of calcium, which could well be the basis of tho 
. syndrome. In artificially fed infants, 30-50% of ingested 
onloium fe said to bo retained (Eliot and Park 1950). 
Boveral four-day calcium balance experiments in this 
- eerics have had to be abandoned or the results discarded 
because of vomiting, and satisfactory balances have been 
earricd out on 3 infants. 2, fed on dicts high in calcium 
(such as they wero accustomed to receive befure adinis- 
sion) and without added vitamin D, showed retention of 
"67% and 66-7°%%. <A further infant, fed on vitamin-D- 
‘fortified milk with a high total calcium-content had a 
rotention of 41:59. These experiments, again, wero not 
made in thoearly stages of the disease. We think that thoy 
indicato retention of calcium at tho upett limit of normal, 
If hypercalcemia can be caused by such overabsorp- 
tion, most if not all of tho other findings can be eatis- 
factorily explained. <Anoroxia, vomiting, constipation, 
musenlar weakness, and hypotonivity are all probably 
rolated in somo part to the hypereslc:emia per so. Tosa 
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" InsuMectont nutrition, 


follow hypercalcemia and hypercalciuria if present, 
Tubular calcification may be sufficient to Bive rise to 
pyuria and may predisposs to the mild urinary iufcetion 
80 conunonly found. Polyuria and thirst aro 
of rovial origin. Harrig (1954) has pointed out that eul ha. 
dimidino can edversoly influence 


n tho calcium-phoaphorus Product’ (Creery 1953, 
Narris 1954). Tho hypercalcemia sometimes found in 
idiopathic renal acidosis is at present unexplained « it 

" mny ariso in a Way sitnilar to that suggested above, or 
it may be related to changes in tho acid-base balance of 
the blood. 


© prevent this condition it sould 40 hat wemust 
odterinyeny tide condition it cul 


prot, : — 
Vitainin-Tort: milks and foods pre hou ied 
X tational Therapy should melu 6 a dict low in culeium 


and free from vitamin D, such as has recently been 


atment may 
Perhaps bo regarded with somo scepticism in the light 


of tho ens recovery which can confidently be 


Summary 


The eliuical, chemical, and radiological features of 16 
eases of idiopathic hyperoale:ciia of infauts, with failure 
to thrivo, are described, 


The only neknut mtologicnlLfuctor js. clu, 
intake from early infancy, usuilly nasocinted wit Lamors, 
fan Adequate MhouUnE OF Vitimin Din the diet 

Tie possible mechanisiu of production of The syndrome, 
based on alimentary over-absorption of calcium, is dis. 


eussed, Tho Prophylaxis, treatment, and Progoosis are 
outlined, 
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IDIOPATHIC HYPERCALCAEMIA IN AN INFANT 
CLINICAL AND POST-MORTEM FINDINGS IN ONE CASE 
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From the Departments of Pathology end of Paediatrics and Child Health, the University of Leeds 


(nectiveo ron BUBLICATION guna 11, 1954) 


hiopathie hynercakcacmic syndromes in infancy 
are new well recognized clinically (Lightwood, 1952a 
and b; Payne, 1952; Fanconi, Girardet, Schicsinger, 
Butler and Black, 1952; Creery, 1953; Lightwood 
and Staptcton, 1953; Lowe, Henderson, Park and 
McGreal, 1954; Creery and Neill, 1984, and The 
Lancet, \cading article July 17, 1984). They are, in 
our opinion, separate from infantile renal acidosis, 


In one group the course is transient and benign. 
There are no significant bony changes, no cardiac 
murmurs and probably no hypertension. On 

. fecovery the intelligence is normal, [n the second 

- group the course is prolonped and severe. There 
ere bony changes resembling ostenpetrosis, a foud 
systolic bruit, hypertension, often hypercholesterul- 
aemia, a characteristic facies and impaired mental 
development. in the papers mentioned above there 
fs one recorded histological report of a renal biopsy 
tn a case which had run a profonged and severe 
course (Lowe ef a/.). Ina preliminary communica: 
tian concerning a similar case (Dawson and Craig, 
194) we had previously tentatively sugecsied a 
Primary rena! origin for the condition. This view 
has had to be modified 95 a result of further study. 
Because necropsy and histological reports en these 
conditions are rare we think it worth while to 
present the findings in a single case, 


Case Report 

Paul D., 2 boy, was the first child of healthy, unrelated 
Barcnis. A maternal cousin of the mother had a 
deformity of the fect. Otherwise there were no known 
developmental anomalics in the family. Delivery was 
normal and birth weight $ Ib. 14 oz. Progress in the 
early nvonths wad salisfactory although it was noted that 
from the age of 3 weeks the baby was unusually quict, 
inclined to skcep too much and rather unrespomiive to 
atiention. Ble was first referred to hospital when 23 
weeks old on sceein( of snorenia and persistent vonviting 
SOF Taree weeks, On examination the infant was unable 
See etttdae Maal ‘i 
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hypertension and ato 


"and Lightwood and Stapleton divide them into (wo |. 
groups. Theclassification is accepted by Lowe ef al... 


to 
473 


; 
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hoki pe head up. There was generalized 

Bros plagincephaly and ssymmetty_of the Teg and 

thorax, TEM cakancovalgis, @ lars crabiical hernia, 

1 Ud-systoti¢ ‘murmur audible ever 

the'éntire chest (Fig. 1). ~The gating murmup had not 

been prevent when the, baby ined_on, 

two occasions during the neonatal periud,. 

_ beregular, but picgres- 
sive decjine. Un 


eaplained ferleds_of 
bec oxcutred ._ at 


pytexia 


Need noe 


£399 


was thoroughly examined on 


irregular intervals, andes 
the child died. une.. 


Sxpeciqully, during one 

then atthe age of 
47. weeks. Apathy and 
istlessness, lack of 
emotional response, 
reluctance ta feed and 
Constipation were cone 
ating features -: hos 
pital, The absormal 
behaviour pattern suge 
gested that menia! pro- 
gress might be impaired. 


child's age, of the 
associated physical 
weakness, and ef the 
fact that impaired hear. 
ing was suspéeied by 


The baby was fed wholly at the breast until the age 
of 3 months when a change wes made to 6 full cream 
ried cow's milk preparation, afd when forthe Nrst ime 
CONTA Aled “orange juice (1_teaspoonful) and pure cod 
liver oul ($ drops) were given daily.“ Medicaments given 
tO the child consisied“of six tecthing powders (each con- 
taining } grain of calomel) in the sixth month of life; 
afd from the age of 13 to 23 weeks milk of magnesia 
a | teaspoonful) on alternate days, and 
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‘ nee 
‘bicarbonate (in » Proprietary mixture) Gaily, The 47 weeks were all sterile, and blood counts beiween 
infant was never given sulphonamides. duly 11 and November 26 Save: Hb 64-79% RBCs 
. . Invesnoations. The results of investigations are 3+4-4-2m, Ws 7,600-20,400 ptr c.mm, Numerous 
Gctailed in Tables | Fig. 2, There were Rersise blood prewure readings were recorded Curing the last 
blood cholesterol and Urca six months of life, Systolic readings were always in the 
TOW Was Impuiredy but Wierd. eMichbourhood of IOVS TSO: Hg aiid the diastolic 

idosis of of Parathyroid: “readines between 30 and'60 mm. Hig. 
rere was moderately The mother of Paul 1), has since given bicth to a 
Fig. 3) but no nephro- second baby whose progress has been uninterrupted and 
ges of 27, 44 and = who at 9 months of ase is in every way healthy. The 
results of examination of the mother's blood one month 
"before dclivery of her second baby ere summarized in 

. Table 4. 
i Tass 4 


RESULTS OF EXAMINATION OF THE MOTHER'S 8L00D 
i Screen (ng./106 mi.) 


Joorsanle p ha ; He 
aline oe . 
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Z Neerepey 
Necropsy was performed 18 hours after death, 
body was that of » wasted mals child, weight $-0 
(10 fd, 4 02.) and height 6) em. (23] in.). The upper 
lower incisor tceth had erupted. The facial and 

asymmetry were not 80 noticeable as in life, 
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myccardium were normal on acction, as was the peri- 
cardium, Wo atheroma or calcification was seen in the 
aorta, 


There was no infection of the 


" Renplratery Systeva, 
,' inbdlic cars of tonsils, The trachea and main bronchi 


were normal. There was patchy bronchopneumonic 
Conwlntation of both bower lobes, with moderate con- 
gectinn of the rest of the dungs, but mo evidences of 
calcification, 


Alisarntary System. The mouth, pharynx, ocunphagus, 
stomach and small intestine were normal. There were 
hard, constipated faeces in the transverse, descending 
and pelvic colon. 

The liver (250 g.) was soft and rather pale, and the 


eu surface sugeevicd fatty change. The gall-bladder, 


was formal, and the bile and cystic ducts were patent, 
The spleen (16 g.) and pancreas were pormal, 


Urogenital System. The kidneys together weighed 
3S g., and the capsules of both sivipned easily keaving a 
smooth surface. No grittiness was {clt on scction, and 
there were no visite calcium deposits, The cortex snd 
medulla both presented a normal appearance. ‘The renal 
pelves, ureters, bladder, uretiva and prostate were 
formal ; 


The teft testis was tn the scrotum and the right testis 
tn the Inguinal canal, 


Endectine Sysiem. The acck organs were removed 
ea bloc and fined, and a careful dixeciion was subse- 
quently aie in a search for parathyroid glanis. Some 
20 amall picces of tissue from this region were 
sectioucd, but only two small pieces of parathyroid tissue 
cre find. No other parathyroid tissue could be 
idenuficd. - The thyroid and suprarenal glands were 
normal, : 


Central Nervous System. The brain, spinal cord, and 
meninges fl eppcared normal, 


Skeletal System. The base of the skull did not eppcar 
thickened to the naked eye, and the lower jaw, which was 
removed, appeared normal, The shaft of the right femur 
showed definite thickening of the dense cortical bone. 
No other abnormalities were seen in the olher boncs 
examined, 


A Ulstology 
Material and Aietheds, Material was taken from the 
heart, aorta, tonsil, lung, stomach, intestine, liver, 
pancreas, spicen, kidney, testis, suprarenal, thyroid, 
parathyroid, thymus, pituitary, brain, spinal cord, upper 
and lower jaw, base of skull, femur, ribs and voluntary 


_ @wecle, it was fined in 10% formol saline, Blocks of 


e 


kidney were sho feed la cold accione and embedded ia 
low mehing point wan far phosphaiose entimations 
enw nas decalcified in 20% formic acid. 

10m oastnaytin and emin were ued for rnutine salning, 
art m adudion alizarin rey, pucpuria and aanthopurpernie 
Bt ures, Vern Kossa’s method, and the gallamine methad of 
Stewt (1949) for calcium; ferric and 
methruts for iron; the az0-<lye coupling method of Pearse 
(1933) using the salt of 4 chioro-o-dianisidine for atkaline 
phosphatase; and the periodic-acid-Schiff slain, piera 
Mallory stain, and clastin stain of Weigert for general 
renal pathology, Sian IV and Sudan black B were 
used as fat stains on frozen sections, 

The thyrnid gland was serially blocked ia & further 
unsuccessful search for parathyroid tissue, 


Kidney. Glomeruli sre present in normal 
and about 90% are normal hiialigicatly. in the a 
ing 10% the principal abnormality is the Gepenition « 
hyaline material in glomerular tufts, in sont siuations 
diifusely throughoul the Tafts"and in others localized to 
One or more lobulcs (Fig. 4). Certain tufis have heen 
almost compleicly replaced hy hyaline material. Although 
some hyaline chanje may normally be scen in kidneys at 
this acc, these findings were considered to be excessive. 
Occasional epithelial crescents derived from the parietal 
layer of Howman's capsule are present (Fig. $), There 
is no glomeriilar calcification. 

While some convoluted tubules are normal, ethers 
show severe chances, and it is not always possible to 
differentiate proximal from distal tubules. Vacuniation 
of proringa!_ tubule, gels resuits in partiat of coniplete 
occlusion of the lumen in ‘places. (Fig. 6). The vacunies 
failed "' 5 ‘stain with fat stains, with the perindic-acide_ 
Schiff (V.A.S.) method, oe with any of the metheuls fre 
calcim, ‘The distal ant “collecting tubules ‘contain’ 
Covmonhilic hyaline Casts, which stan fed win AS, 
ated Raviplutec miterial, which stains posiuvely with the 
paliiinine ain for calcium (Fig. 7) but dees not gives 
Positive sain for iron. fn ccrinin situations the epie 
thelium of the tubules is desTrosedy while Inrommers sé fayer 
Of “regenerating” epithelium caicmls over the hyaline 
casts (Fig. 8), Calcified materizl has been eatruied into 
the interstitial tissues” of the-certexfrom the’ distal 
tutes" (Figs, 9 and 10).’ A fibrous reaction has been 
sTiniilated in these situations, and in the medullary (hut 
not in the cortical) tissucs is associated with occasional 
giant cells. There are no chronic inflammatory eelis. 
The toons of Ilente are compressed by a moucrate inter 
stitial fibrosis, but arc not otherwise greatly altered. 
A Tew smal} collections of lymphocytes are found beneath 
the reaal capsule, There are no inflammatory changes 
in the renal pctvis. Renal arterics and arterioles are 
formal, Sections stained for alkaline phosphatase show 
AO constant relationship between sites of phosphatase 
activity and calclum deposition. 

The calcified material in the tubules stains best with 
gallamine; staining with ven Kossa’s method is incon. 
stant, and stains for iron are also negative. On the other 
hand material which has been deposited in the inter 
stitial tissues Of cores of medulla stains readily with 


ee ee eee ee reer nee: 


+ een See eee | 


\ , doent cet ate 2 


a Se en ee ee 
Ae > 


Lt 88 


cm ce": 


Cpl 


<a im ss 


yh it el er ee 


1 anst, 


ere , ne 
ue r) y % j . i a tegh J ” =, gat 
- a> a. s wes 3 Le . an ' ele oe ee ee ae : 7 
2 ee eth oa! Bs if. 4 3.4) S81 deus att. 
. ’. *. * is pe =. S . 
ot - me ogi teal = eee i oat 4. sie _. + me . — 
cH e Raa? * -ocme- swe ws ps 


>. 


. 


— 


IDIOPATHIC YPERCALCAEMIA dN AN INFANT 479 E393 
Ae bs |} > ae bd ro Fe Ce td 
Ce Fete 2) OLD renee y 


® .) 
aa Yd ae 
VY heh Ai0e mee ow. gy! at >< ign G 


NY eS 


a : a2 +5 ee a 
7 . ee cae a 


oS ee A OE ee SRN Seatte 


5 ins 


in ee Re 


Tae 


ee ai 
era” yA 
Pe Gh eal 
divy, bye ye 


8 


| 


. 


as : ; 
* N26; Qe : te : iy : 
' af f. wtf Me il; 
0g &, kk: at . é 
ora len rear e 
failamine end with ferrl- and ferro-cyanide methods for milk, There is no calcification present in any of 
= a (Fg. 11), a no time could any positive staining "Eexi RaMing | me cone tad 
ined wit Purpurin, xanthopurpurin or alizazin 
sed (Cameron, 1939). 


organizing preumonic 


roend fa elt th are almost certainly” inhaled ps 
leno ermgremre ee ee ey inhal 


s 
"7-3 ms 


a oe 
ap otic 


pM im 
vata 


was 


Pad 


=. 
—_—~ 


ee, oe a: fye al Fe : ‘4: 
ec te Oo NC Lie eg 
Piceaden ind MAB had ay ne 
F10. 8.—Dirisl convotuicd tubule showing re-epithelicaiion of 
hysting cost. (Heematenylin and eosin, 1 $0.) 


. . e 
‘ RIL hes) oe 
po pey: Wu ° A AM Gaels: 
MAL ln Sire ETN ST 
$ OIF Vat EO hy ng ae! ot : 


$e es 
7-8 . 


ee ae Ly, e: 
pins S570! 


: 
> 


wets “08. 
oe, 4 A tig. 
ie ved ait, SeeON ECE 
Fin. 1—Medulls showing calcium Geporite with Abvous tinue A gener: med thow diffuse éopeeee 
fraction le intertcsal titswe. Gloematoaylia ond coin. 380.) "Gf cslciom en soreuas resmeaal t shew di bapogs 


done structure Is normal. Sections from the base of the Glands. The two small pieces of pare- 


Endocrine 
shull sugeest some thickening but again show normal thyroid lissuc-show & completely normal structure. The 
bone structure, Pituitary has not been serially sectioned but there is no 
Scetions of the jaws and teeth show normal develop» indication of a disturbance in “@' Customary ratio of 
ment and normal calcification of deciduous molars, An chromophil to chromophobe or acidophil to basophil 
ynusual and abnormal feature Is calcified sreas inThS cells in the sections examined, 
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; * IDIOPATIUIC UYPERCALCAEMIA IN AN INFANT 
fs ne evhicace ip the stomach or ehewhers of metastatic 
* cakcification, 


Dinewssinw 

Hutter, Wilson and Harber (1936) descrihed renal 
lesions in chikhen with hynercaicaemia and acidenia, 
They saw cakium depusits between the basement 
membrane and epithelial cells of collecting tubules, 
8 few depasits in proximal tubules, degeneration of 
tubular epithelium and calcified deposits surrounded 
by fibrosis and giant cell infiltration around affected 
tubules. Their cases appear to belong clinically 
to the renal acidusis group of possibly to the 
transient and benign group of idiopathic hyper. 
catcacmia which may sometimes show acidosis. 
Govan (1950) dewribed hyalinized glomeruli, 
vacuolation of proximal tubular epithelium, calcified 
casts in distal and collecting tubules, and deposits of 
calcium associated with fibrosis in the surrounding 
tissues in a case of renal acidosis in a girl of 29; 
death may have been complicated by sensitivity to 


* sulphonamides, The histology of both of th--- 


cases is not dissimilar to our own, though there ave 


“no calcium deposits between basement membranes 


and epithelium in our case, Govan attributed the 
vacuolation of proximal tubules to possible phos- 
phorus absorption, and we were at first inclined to 


a . think of the. tubular Vacuolation in our case as 
A 


+ primary, representing a nephron ncphrosis of the 
: type scen in sulphonamide or mercury poisoning. 


The fact that Albright, Consolazio, Coombs, 
Sulkowitch and Talbott (1940) and Albright, 
Burnett, Parson, Reifensiein and Roos (1946) 
postulated a primary tubule defect in infantile renal 
acidosis, oficn associated with hypercalcaemia, 
seemed to support this possibility. Further study 
has changed this view. 

Large amounts of calcium-containing material in 
distal and coliccting tubules justifies acceptance of 
the view that calcium precipitates out as the filtrate 
becomes concentrated, and that the interstitial 


* fibrosis and probably the tubular epithelial degenera- 


tion are secondary to the extrusion of calcium into 


. Surrounding tissucs. The positive staining for iron 


as well as calcium in extratubular but not intra. 
tubular material supports this view (Cameron, 1952). 
Vacuolation of proximal tubules need nut be primary, 
but occurs under appropriate osmotic conditions 
(Allen, 1951) which may well obtain here. Hyaline 
glomerular changes, besides occurring normally in 
infancy, have been described as secondary to hypere 
calcacmia (Dent, Flynn and Nabarro, 1953). In 
the case of Paul D. no cause for a primary nephron 
nephrosis was found. On balance it is considered 


7, J "that the renal changes are to be regarded as sccon- 


Fea. 13.—Sectlow of an incisor tooth chos ing permanent Inchers 
(P.6.), gum mergin (O.), end abnormal calcium deposit (C.P.) ta 


the pulp of deciduous incor, (Hoematonyiin ond coun. x 6.) 


dary manifestations of hypercaicaemia, a view which 
would explain the similarity of lesions in renal 
acidosis and a severe and prolonged hypercakcaemia 
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which are clinically, radiologically and biochemically 
distinct, 

Lowe ef al. (1984) describe the results of renal 
Mopay in a chik! preventing clinical features similar 
to Pau! 1D, Their findings resemble those in our 
case in the nature of the cortical and medullary 
changes, but differ in the presence of a granulo- 
matous reaction around calcium deposits in the 
medulla as oppeaed to the cortex and in the presence 


- of many abnormal glomeruli. i cannot be claimed 


that histological studics have as yet provided con- 
chisine positive evikence concerning. the actiology of 
hlioputhie hypercalcacmia in infancy. Increased 
alimentary absorption of calcium must be accepted 
aga possible explanation. {If this he the explanation 
the facts concerning our case lend no support tq the 
view that sensitivity to vitamin 1) may have been a 
contrituatoary factor, Excessive intake of alkalis has 
been suppested as having a bearing on actiology. 
The child, the subct of this paper, did receive 
alkalis in considcrable smounts but not until 
symptonss had alicady become established, Alkalis 
may have had an aggravating effect but cannot be 
regarded as having any actiolopical significance. 


Abnormal histological changes in bone and meta- . 


static cakification were found in a case resembling 
that of Paul 1D. in other respects (Raar, 1954), 


“The absence of such findings in the present case 


cannot be explained. 


Summary 

A case of idiopathic hypercatcacmia of a severe 
and profonred type in a boy was studied clinically 
and at necropsy. 

Clinical and biochemical findings included fauure 
to thrive, lassitude, generalized hypotonia, irregular 
pyrexia, hypertension with a pronounced cardiac 
murmur, cranio-facial asymmetry and excessive 


irregular deposition of bone. Serum calcium, blood: 


cholesterol and blood urea levels were raised, and 
there was evidence of renal impairment. 


ttistelngical firlings In the kidneys inched 
depusition of calcium in and around distal and 
collecting tuhules, vacuolation of proximal tubule 
ceils amt hyahne glomerular chances. Abnormal 
histological changes in the hones were not seen. 
There was ne evidence of metastatic calcificatinn. 
An unexplaiped feature was caicium deposits in the’} 
pulp of ecrtain incisor tecth. The parathyroid 
glands were normal. 

Renal changes are regarded as secondary ta’ 
bypercalcucmia, which it is suggested may have 
resulted from excessive absorption of calcium by 
the alimentary tract. 
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’ Neap Hannes, A.D. Srsancrienp - 


Gf Gages toxicity of vitamin D, if given in suf. 
firient dosnge for a long enough period of 


“time, is well documented. It is regrettable 


that this danger is not universally appreciated 
hy physicians and (hat it is almost unknown to 
the laity, Nevertheless, the Iny public ix able to 


* obtain products containing large amounts of vi-’ 


{amin 1) on request, Vitamin D, in conjunction 
with eslefum, has been advised for various ar- 
thritides in medical literature in the past and 
even more currently in syndicated health col- 


» WS, 


A 6% year old while man was admitted to the 


Aospitalon February 12, 1956, for Jeft inguinal 


hernicrrhaphy, Routine admission lnhoratory 
studies revealed a hemoglobin of 9.1 grams per 
cent and erythrocytes, 3,400,000, Urinalysis was 
negative, 

Ve bad heen treated for duodenal ulcer in 
1916, Symplomsx disappeared and he had liltle 


-or nb trouble with gastvointestinal symptoms 


afterward until May, 1952. Then epigastric dis- 
tress revurced and bothered him frequently, We 


- Wook tare quantities of milk and aluminun hy. 


dronxide gel, On November 11, 1992, subtotal 
gartrie resection wax performed for maxsive gas- 
frointestinal hemorrhage, A large benign gastric 
her was found on the lesser curvature, 

A right: inguinal herniorchaphy was per 
formed on January 19, 1951, Shortly after this 


— he complained of joint pains invelving wrists, 
ee). 


sme yt ay ree, 
* 8 we : ‘ ‘ 


' 
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ee ee me te ee 


D Intoxication 
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fingers, und shoulders, A Giagnosts of rhewna- 
toid arthritis was made and he was treated. with 
ACT, The early response was good, ‘Therapy 
was changed io cortisone but this was dixcun- 
tinued after a few weeks “beeaure of glyeosuria,” 
¥rom 1951, until this admission his joint eom- 
plaints had een variable but almost constant 
and deformity had heen progressive, The fovt 
and ankles became involved. During 1950, firm 
and non-tender nodules, measuring from 0,5 to 
2.0 centimeters appeared over the extensor sure 
fucex of the foes, fingers, elbows, wrietx, and 
Achille? tendons, A few of the nodules lad 
drained spontancously, discharging a thick milky 
material, Axide from the joint abuornmnlitics 
physical exomination was within normal linits, 
The hemoglobin measured O10 grams per cent; 
erythrocytes were 3,500,000; white cell count, 
8,000 with a normal differential, Wood urea ni- 
frozen wae 9.1 milligcams per cent and urie acid 
4.06 milligrams por cent. ‘The xtoals were negit-— 
five for occult blood and complete gastraintes. 
tinal X-ray studies were negative, After one 
‘month on ferrous sulfate therapy, hemoglobin 
increased to 11.0 grams per cont and erythro- 
evtes fo 4,180,000, ‘The stools were negative for 
oooull blood, A left inguinal derniorshaphy was 
perforned aid fallowed by an uneventful re 
covers, . 
On June G, 1956, the pationt was readmitted 
on the urologic service in a remi-sluporaus alate, 
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thes wife said he had hewn bothered by urinary 
seeepwentey, noel den tusia for two years and that 
Fer Chee potat thee months there had been a grad 
val increase in lethargy. Mere teey watly he ap 
peared confused, During the few dave prior to 
nimission he slept for lon periods, The urol- 
vist found no evidence of urinary tract dis- 
wer and the patient was (ransferred to the 
pesdioal servicer, 
Except for moderate pallor, the nodules on the 
ettremities were the only remarkable physica) 
plnormalities, Neurological examination — ree 
vealed nothing: unusual, “She blood pressure wax 
110/70, ‘Tomperature was O8-L degrees; pulse, 
SO, Pnitial and subsequent laboratory values are 
presented in Vable 1, An eloetrocardiogram tal 
enon February 3, 1956, showed sinus tachyear- 
dia with a rate of 1105 otherwise the tracing waa 
Within normal limits She QT segment dieis- 
wred OSNE scconds, An electrocardiogram of June 
J, 1956, ehowed a sinus rhythm of 90, ("I 
segment O25 seconds, low vollage of all QUS 
regents and low 1, On dune 16, 3956, the 


quantitative 2 hour urinary excretion of scale, 


civ was 478.1 milligrams, Calcium intake had 
“Jwon limited to 150 milligrams daily, 

Further exploration of the ‘paticnt’s history 

with his wite brought out that he had been take 
ing vitamin D) and calcium on ‘the. advice ot an 
“artliritie. fr Fiend, She thought he had heen using 
this medication for three months or longer, The 
intake of caleiunr consisted of one quart of mills 
ad ft 2 pers of ealoiim hac late r daily, The daily 
intake of ivan, b was 300 000 itnits, Roeatyen 
examination of the chest and bones ‘showed no 
abnormality: other Chan xeattered calcifications 
in the left upper abdominal quadrant, hese eal- 
cificalions were not in the kidney, 

Treatment consisted of parenteral Muids, tule: 
feedings of low eateium content, and whole blood 
(transfusions to a total of 4,000 es, Tntake was 
patterned to the laboratory values and to the 


daily urine outyut, which varied from 1,200 to 


3,800 cc, Over a period of {wo and one-half, 


weeks, the patient improved gradually; stupor 


was less conspicuous and he took a soft low cal- 
cium dict of approximately 3,500 calories, On 


June 26, 1956, the tip of the spleen was palpable, 


for the firrt time, On july J, 1956, he appeared 


wore xtuporous than he had been and the yrine 


Tevune dark brown, On itis 2, 1956, he was 


for Cictaber, 3957 


iptetie, Her became comateca an mere denply 
Janne tied and on daly 4, 1956, he as ns Vere 
tii-sion fur ubapey wan ‘telwed. 


| 


COMMIEN rs 


Fuihuy ty obtain autopsy peranission pitevents 


gxelusion_of primary hyperparathyroidisn asa, 
diagnostic possibility,’ Lhe evidence supports a 
“Wiagnosis of hypervitominosis, DA past history 
of peptic ‘weer and the existence over a period 
of time of moderate anemia are sugyestive of 
primary hyperparathyroidism, 

‘The absence of intestinal complaints afler par- 
fin! gastrectomy is not in accord with moat ree 
ports.on peptic ulcer surge ry that is associated 


with hyperparathyroidisn.® Gutman eb alt first 


called attention to * pastrointestinal symptoms in 
primary hyperparathyroidism, A later compre. 
hensive study of hyperparathyruidism by Blackt 
clarifiet (he upper intestinal symptomatology of 
this coadition, Mack found clinical evidence of 
peptic ulcer in 24 per cent of pat! ents with hy- 
perp: rathyroidism and uleer-Jike symptoms in 
Ih to 20 per cent more, Tn the patient reported 
here, the scrum phosphorus and alkaline phos- 
phatase values and the absence of skeletal 
changes’? are of little help in differentiation. 
Phosphatase and skeletal changes would be wn’ 


expected ina patient of tis sort with a higiy 


oii intake, 

Vilerentiation between hyperparathyrofdixm 
and the Burnett Milk-Alkali-Syadrome often” 
difficult and even impossible clinically?" Jn 
thix case Milk-Alkali-Syndrome is wot a ding- 
nostic problem. because al no ‘time was there: 
n a history of ingestion of large amounts of al. 
Sorhable, alkali, Futhermore, the ‘marked’ aci- 
“dosis and hyperealciuria eliminate it from fur- 
ther consideration. 

She antirachilic effect of vilamin TD) was 
extablished by McCollum in 1922* when he seep 
arated this fraction from the vitamin A of cod 
liver of], She rame propertice were found Jater 
in ullraviolet irradiated ergosterol, Subsequent 
purification resulted in vilamin 3), or ealcif- 
erol, Jf an adequate dietary intake of ealcium 
and phosphorus is provided, vilamin Doh os a 
curative effect on rickets and osteomalacia, both 
of which develop as a failure of ossification af 
osteoid, Vilamin J) exerts its influence by in- 
creasing the absorplion of caleium from the 
upper intestinal tract, There is a resultant ab 
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sorption of phosphorus lower in {he smal} in- 
testine. A lesser influence of vitamin J) ix that 
of increasing the rena) excretion of phosphorus 
by devreasing its reabsorption in the tubules, A 
daily intake of 490 units of yitamin 1) is more 


Tait” Aderyrinte” in normal infants and adulis® 


Phe administration of vilamin )) is followed hy 
an early rise in the serum caleium and phus- 
‘phorus, Later there fs inhibition of the para- 
thyrvid glands, with a deerease in the renal 
phosphorus excretion, Jn a normal person on a 
dict limited fo 150 milligrams of caleinm in 24 
“hours there is an exerelion of 100 tu 200 amilli- 
grams in the urine in 24 hours and 300 to 100 
millixrams in the stool, An inerease in the die- 
tary calcio ix reflected mainly as re (X= 
cretion in the nee 


able, The shorte test tiie nian ix 12 days!?, al 
| A dosage of 790,000 units a day, Most reports 
in the literature show an intake over a period of 
months or years, ‘he toxicity of vitamin 1) is 
considerebly increased in proportion ta calcium 


jutake. Tu the ease presented here the period 


over which exeessive doses of vitamin )) are 
Known (o have been taken is shorter than most, 


ae v 0 eet ded etapa. = 


a 


“WTI 
2-301 C 


eek 


E400 : 


NGhH, RUC er Wie 


ae? 


bg - 
_~ bad 


. 
i 
‘ 
‘ 


‘ ’ 
ne el ete et nel Ee 
. . 


f 1. NG We 
Be VteSONGS 
13305 


hut is quite sufficient for an advanced giale of 
intoxication, 

The adinitting picture in this patient wae 
considered as due to hypercaleembs of vilamin 
J) intoxication, Chaplin et al.!? have deserilad 
these symptoms as weakness and fatigue with 
weight loss, nausea, vomiting, cramps, diarrhea, 
‘headache, paresthesias, vertigo, mental depres 
sion, urinary frequency, nocturia, and abnormal 
calcifications, Scharfrian and Vropp'! stressed 
the importance of normocytic, normochromfe 
anemia in these patients, Shey were of the opine 
jon that the ancmia ix due to szvtemia, I his, 
hewever, is a matter of conjecture, particularly 
in view of the reported response of the anemia 
fo doom theany? Jxtensive neuplastic metastases 
io Kone is climinaicd by virtue of their failure 
to appear on an X-ray survey, 

She appearance of jaundive and the rapid 
dewnhil! course In the past few days of this 
patient's life are open to question, Lerminal ful- 
minating hepatitis seems likely, aluhough throm 
bosis of the portul and splenic veins deserves 
consideration, 

Although adequate and repeated warnings of 
the danger of the i) advised ise of vitamin )) 
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have appeared in the jiterature for almost 30° 
sears, (his continues to be a real and probably 
nat rare problem, It is wise to inguire in detail 
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told Arthiltis with Large Doses of Vitamin D, LALA. 
BUG HES2, 1938, ; 5 

S. Atlas, 1, IL; Gaberman, P23 and Kisenberg, It. 1.8 
Syudtome of Masked Uypesparathyroldism, Ann, Int. 
Med. 44:1195 (June) 1986. 


alanst the necdications patients are taking, An +6, Gutuan, A. Ii,y Swenson, T, Ci and Ponce, W, Bt 


innocuous history of taking “vitamin pills” may 
have considerable significance, : 


u SUMMARY 

A fatal care is presented involving the ine 
gertion of Inrge amounts of vilamin Din es- 
sociation with a high intake of ealclum, Post: 
mortem examination could not be made. ‘he 
clinicul evidence, however, points most strongly 
fo vitamin 3) intoxication as the cause of death. 
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IDIOPATHIC HYPERCALCEMIA OF INFANCY, WITH FAILURE TO ‘r HRIVE* 
Report of Three Cases, with a Consideration of the Possible Etiology 
Avrxep NM. HONctovannt, M.D.,t Warrer R, Enercein, M.D.,¢ ann Ins T, Jonrs, M.D.§ 


PILILADELPILIA ' Died 


Te syndrome of “idiopathic hypercaleemia of in- 

fancy, with failure to thrive” has been reported 
with some frequency in the United Kingdom during 
the past few years. It appears to be relatively uncom. 
mon in North America, only 2 cases having been re- 
corded in some detail"? and 2 others briefly noted.* 
The reasons for this discrepancy in incidence among 
two populations, similar in many ways, are not under- 
stood, 

Three infants with this condition, which was severe 
in 1 and mild in 2, have been observed at the Chil- 
dren’s Hospital of Philadelphia within a period of two 
years. This communication is presented to focus at- 
tention on this disorder of infancy, lest it be more 
common, but unrecognized, in the United States, and 
to relate the observations concerning these 3 cases to 
the published reports from England, with particular 
consideration of the possible etiology. 


Casz Reports ; 


Case |}. K.S., an !1-month-old female infant, was first 
seen for the diagnosis and treatment of “dwarfism" and 
poor weight gain (Fig. 1). She had weighed 2.3 kg. (5 
pounds, | ounce) at birth and had not been fed at the 
breast. The estimated daily in’-ke of vitamin D before the 
initial examination was 1400 ; .ernational units daily. She 
consistently refused solid foods and had a poor appetite. She 
fained weight and grew satisfactorily until 3 or 4 months of 
age, after which she failed to thrive (Fig. 2). 

Physical examination revealed a malnourished infant who 
was irritable and possessed a peculiar elflike facies, with 
sparse hair on the head. There were prominent epicanthic 
folds, as well as an overhanging upper lip, and the bridge 

the nose appeared to be underdeveloped for the age, as 
did the mandible. There were no teeth. There was a par- 
adoxical combination of apparent disinterest in her environ: 
ment with a rather alert countenance, as well as a degree 
of muscular activity that was greater than would be ex. 


*From the Endnccine Division, Children's Hes ital al Philade'phie 
and ie Department of Vediatrics, University of Hennsylvania School of 
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pected in the face of a generalized malerate hypotonia, 
She could support her head and was able, with some dif. 
ficulty, to sit and to pull herself to a standing position. She 
had generalized pruritus and was covered with seratch marks, 
She weighed 5 ky. (11 pounds) and was 65 em. tall: the 
upier-o lowers lacy ratio was 1.55, and the circumference 
of the head was 41 cm., that of the chest 35 cm., and that 
of the abdumen 30 em. A loud systolic murrnur was audible 
over the entire precordium and was transmitted to the left 
posterior aspect of the thorax, 

The bioud pressure was 130/90, 

Examination of the Lived showed a red-cell count of 
2,270,000, with a hemorlohin of 7.4 gm. per 100 ml., and a 
white-cell count of 9450, with 49 Per cent newtrophils, 23 
per cent lymphocytes, 6 per cent monocyics and 2 per cent 
eosinophils. Urinalysis revealed a specific gravity of 1.010, 


a pil of 7.0 and a trace of albumin and a + + test for - 


acetune; the sediment contsined 4 or § white eclls per high- 
Power field. A culture of a specimen of urine obtained by 
catheterization indicated the presence of Escherichia coli and 
Proteus vulgaris. The chemical examinations of the serum 
are shown in Table |. 

Trypsin was present in the stool. Subdural taps were neg- 
ative. Radiologic examination of the longs bones revealed 
an abnormal density throughout, which was especially 
marked in the zones of provisional calcification, resembling 
Osteopetrosis (Fig. 3), and increased density at the base of 
the skull (Fig. 4), An intravenous pyclogram showed poor 
dye concentration but the silhouctte was adequate to rule out 
any abnormality; there was stippling in both renal shadows 
tuggestive of renal calcinosis, 

All supplemental vitamin D was discontinued, and feed- 
ing with unfortified whole cow's milk containing Karo syrup 
was instituted, The infant was then discharged on 500 ing. 
of chloramphenicol daily, 

At 12 months of age the serum calcium rose to 15.0 Mg. 
and the nonprotein nitrogen to 108 mg. per 100 mi. Treat. 
ment with 20 mg. of cortisone acctate daily, in divided doses 
by mouth, wis instivuted, 

At 15 months of age, the weight had risen to 5.5 kg. (12 
pounds, 3 ounces), and the patient was 66 em. tall. The 
scrum calcium was 14.0 mg., and the nonprotcin nitrogen 
85 mg. per 100 mi. 

She weighed 5.8 kg. (12 pounds, 14 ounces) at 16 months 
of age and had progressed snore in the previous 8 wecks 
than in any similar period since the onset. The cortisone 
treatment had been cursinued She was less irritable, and 
the pruritus had diminisied. The blood Pressure was 130/90 
to 160/120. The serum calcium was 9.6 mg. and 11.8 mg. on 
2 successive days, and the nonprotein nitrogen 63 mg. per 
100 mi. The serum phosphorus was 6.1 ing. per 100 im, 
Owing to difficulties in obtaining unfortificd cow's milk, the 
formula was changed to the following: strained beef, 312 
gm.; Dextri-Maltose, 71 gm.; olive oil, 100 ml.; and water, 
bcd ml. The dose of cortisone was diminished so 10 mg. 

aily, 

At 22 months of age, the patient weighed 6.6 kg. (14 
pounds, 8 ounces). The serum calcium was 10.5 mg., and 
the nonprotein nitrogen $4 mg. per 100 ml. 
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feo months later she weigh! 7 ke. (15 pounds, 8 

" @unces) was Gt cm, tall. The cardiac murmur per 
sisted, X-ray study of the chest revealed a normal cardiac 
sithouctte, and there had been no other clinical evidence 
of organic heart disease. She had become playful and hap- 
pier (Fig. 5) and spoke three or four words. The scrum 
ype was 10.6 mmg., and the phosphorus 4.1 mg. per 
100 mi. 


Been &S 


~~ 


1, Appearance of Case 1 at Eleven Months of Age. 


At 27 months of age she was readmitted to the hospital. - 


for detailed examination. The blood pressure had fallen 
to 128/60. The murmur persisted. The serum bicarbonate 
was 20 milliequiv. per liter, and the calcium was 11.6 még., 
the phosphorus 5.5 mg., and the cholesterol 256 mg. per 
100 ml. There was a total of 20.7 mg. of calcium in a 24. 
hour specimen of urine — this was determined after il 
months on a low-calcium diet. Radiologic examination in- 
dicated a di:ninution of the Osteosclcrosis, with no evidence 
of rickets; the calcification of the falx cercbri was again 
noted, and the sagittal suture of the skull was completely 
united. The bone ave determined at multiple centers was 
2 to ne years. The patient was discharged on a sinaller 
dose of cortisone (5 mg. daily), with continuation of the 
antibiotics. ~ 

At 29 months of age she weighed 7.7 kg. (17 pounds) and . 
was 75 cm. tall. The blood pressure was 120/70. There was 
@ great change in her general appearance, with a subsidence 
of the facial features noted earlier and an increase in sub- 
Cutancous fat. She was walking fairly well, but with support. 
At 33 months of age there was continued improvement in her 
general appearance, but there appeared to be modcrate ree 
tardation of intellectual development. The serum calcium 
was 11.3 my., and the phosphorus 5.6 ing. per 100 ml, 
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Cann 2. 1.1, an t8-month-okl male infant, was fest sera 
fur consideration of “growth failure." An older femzle til 
ling had always been healthy. The patient had heen horn 
1 month prematurcly and weighed 2.2 kg. (4 em, NW 
ounces) but appeared healthy. He was not fed at the 
breast. The total daily intake of vitamin D was ealeulated 
to approximate 2500 internation.) units. Hetween the ages 
of 4 and & werks projectile emesis occurred once a q 
ceasing after a time, but since then he had Rained weieht 
and height poorly. The parents described marked polyuris 
and polydipsia, Ife had received an unknown dose of desir. 
cated thyrvid between the ages of 12 to 14 months, with 
no improvement. Ife had always shown a disinclination to 
ward solid fouds, ° 

Physical examination demonstrated the peculiar elflike 
facies noted in Case 1; the similarity was at once Striking 
(Fix. 6). A soft systolic musmnuc was distinetly audiile at 
the apex but was not transmitted, 
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1 
AGE IN MONTHS 


Fiouns 2. Progress of Case ! since Birth, Showing Growth 

Failure at the Time of Onset and Serum Celeium Levels, 

Treatment consisted of a diet low in calcium end vitemia 5D, 
with cortisone, 


The patient was admitted to the hospital at 20 months 
of age, when he weighed 7.5 kg. (16 pounds, 9 ounces) 
and was 74 cm. tall. The blood pressure was 120/70. Gen. 
eralized hypotonia was present. The laboratory data are 
summarized in Table 1, The protein-bound iodine was 8.6 
microgm. per 100 ml. The bone age was 13 months; there 
were no abnormalities of the long bones or skull, and calcifi- 
cation in the renal area was not noted. 

The paticnt was discharged on a low-calcium diet utilizing 
a beef-base formula as in Case 1, All vitamin D supplements 
were discontinued. 

Ten weeks later he was walking alone, and his appetite 
had improved. The serum calciuin was 12:3 mg. 100 ml. 

At 2 years of age, the serum calciuin was 11.9 mg. per 
100 ml. There was marked hagreveenent in muscular 
strength and appetite. He weighed 7.8 kg. (17 Pounds, ¢ 
ounces) and was 75 cm. tall, 
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Sher 3 MS. a 13Ye4nonth-ald male infant, was first 
ia veue oll par erect, A sesle siding, 4 qrave of sap, 


“had always been well, The patent wriehed 3.7 kg. (8 


$ ounces) at delivery. Ele was not breast fed. At 9 
— of age he weighed 8.2 ke. (18 pounds). He then 
hevame listless, wild anorexia developed, and he gained 
very little weight during the sulmequent 444 months. There 
was no history of excessive intake of vitamin 1D, and it was 
estimated that he received about 1200 international units 
daily. He sat alone at & months, crawled at 10 months and 
was able to stand without support at the time of the Ist ex- 
amination. | 

On physical examination at 13% months he weighed 8.6 
te. (19 nds) and was 75 em. tall; the circumference of 
the head was 48 cm., that of the chest 46 cin., and that 
ef the abdomen 42 em. ‘The facies was vagucly su tive of 
that described in Cases t and 2. Ihe was active in his crib 
but unable to mewe around to any extent beeause of a dis 
tinet generalized hypotonia, ‘The heart, lungs and abdomen 
were normal, 

Examination of the blood showed a red-cell count of 
3,550.000, with a hemoglobin of 13.1 gm. per 100 ml., and 
a white-cell count of 8500, with 38 per cent neutrophils, 56 

r cent lymphocytes and G per cent monocytes. Urinalysis 
indicated a specific gravity of 1.027 te 1.030, a pil of 4.5 
to 7.0,a +4- to ++4-+ test for acctone, 1 ++ Sulko- 
witch test and no phenylpyruvic acid; there were no white 
cells in the sediment. Radiologic study revealed bones of 
normal density and a normal bone ace. The protein-bound 
iodine was 5.8 microgm. per 100 ml. Certain laboratory data 
are shown in Table 1. The urinary calcium was 30.2 mg. 
per day, and the phosphorus 273 mg. per day. The spinal 
fluid was normal. ‘The Kolmer test was negative. The pa- 
tent was discharged on a dict without additional vitamin D 
and with no attempt to restrict calcium intake. Two months 
later the serusn calcium was again 12.0 mg,., and the phos- 
phorus 3.1 mg. per 100 ml. 


Discussion 


In 1932 Lightwood* probably first described what 
has since been termed “idiopathic hypercalcemia of 


infants, with failure to thrive.”* ‘The child discussed 
at this relatively carly date: presented most of the 
clinical features associated with the severe form of the 
syndrome. The findings were not associated with a 
high intake of vitamin D. The patient died, and post- 
mortem study showed renal calcinosis and osteo- 
petrosis. 

‘The problem was recalled in 1951, when Fanconi* 
and butler’ simultancously presented their observa- 
tions on | infant cach, remarking on the coincidence 
of growth failure, hypercalcemia and certain other 
clinical features detailed below. Subsequently, these 
authors and their co-workers presented a detailed joint 
report.’ In 1952 Lightwood and Payne® described 10 
infants with hypercalcemia and failure to thrive, 
whom they delincated from the syndrome of “renal 
acidosis.” Since then, numerous cases have been re- 
ported in the British literature but only 4 in the 
Anerican.?3 

The symptoms and clinical features of idiopathic 
hypercalcemia of infancy with failure to thrive 
Present a constant pattern in the various re- 
ports cited. ‘here is no sex difference. ‘The onsct of 
the clinical manifestations, particularly the cessation 
of growth, is between six weeks and nine months of 
age. Case 2 is said to have been thriving poorly since 
birth. There may be marasmus in the severe form of 
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the disorder, Gastrointestinal complaints are com- 
mon and inchule emesis (often projectile), anorexia 
and constipation. Polyuria and polydipsia (reported 
only in Case 2) oceur in about 50 per cent. There is 
generalized muscular hypotonia in almost all patients, 
and this frequently misleads the examiner into be- 
lieving that the child is mentally retarded. Paradoxi- 
cally, most children are alert and not sluggish in spite 
of the hypotonia. The facies has been described as 
“clflike,” with prominent epicanthic folds, overhang. 
ing upper lip and underdeveloped bridge of the nose 
and mandible; these features were distinctive in Cases 
1 and 2. However, the characteristic facies may be 
absent. In about 40 per cent there is hypertension. 
A harsh systolic cardiac murmur is audible in many 
and has not been attributable to cardiac disease — 
Lowe et al.'® found extensive metastatic calcification, 
including the heart and lungs, in 1 case. Transient 
facial palsies may occur, and nonparalytic squint is 
sometimes present. The head may fail to grow during 
the active stage of the disease. 

The chemical findings described in 10 infants by 
Lightwood and Payne* have been noted regularly. 
The serum calcium is elevated, and the levels above 
11.5 mg. per 100 ml. are significant'* when persistent 
and accompanied by the other features. The blood 
urea nitrogen is sometimes elevated, but the serum 
phosphorus, phosphatase, bicarbonate and chloride 
are usually normal. The scrum alpha, globulins and 
gamma globulins are often clevated. Other biochemi- 
cal findings" include an elevated serum cholesterol in 
60 per cent at some time during the stage of the dis- 
case; this was true in Case 1 only. The serum phos- 
phorus may rise with continued progress of the dis- 
ease in the severe form. Tho serum alkaline phospha- 
tase is almost never elevated and may be low in 40 
per cent. 


Nephrocalcinosis was detected in approximately 20 
per cent of the reported cases. Intravenous pyclo- 
grams reveal rio abnormality, other than poor concen- 
tration of the dye? There is increased density of the 
long bones and the base of the skull, resembling true 
ostcosclerosis (Albers-Schénberg disease), in 20 per 
cent, and in a larger number there are only trans- 
verse lines of increased density in the Jong bones. 
Craniostenosis may occur in 10 to 20 per cent of 
cases with the severe form of the disorder. Evidence 
of renal infection is present in about 50 per cent of 
cases, 

A distinction has been irawn between a benign and 
a severe form of idiopathic hypercalcemia of infants, 
and this has been sharply defined by Lowe ect al.'® The 
benign form is said to be transient, self-limited and 
subject to relatively early remission with no perma- 
nent consequences; the severe form is more protracted 
and may be fatal, or with remission there is mental 
and physical retardation. The characteristic facies is 
absent in the benign form. Hypertension, heart mur- 
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mur and osteosclerosis are supposedly confined to the 
severe type. There may be a more marked clevation 
of the scrum calcium, blood urea nitrogen and 
cholesterol in the severe type. In the 3 cases described 
above, it was not possible to classify sharply each 
child on the basis of this group of findings. On the 
basis of the biochemical findings, Khancy and Mitch- 
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acid or neutra! in the latter; and the serum calcium 
may rarely be high in renal acidosis, but fails with 
alkaline therapy — it does not fall with such therapy 
in idiopathic hypercaicemia. Ostcosclerosis may occur 
in both syndromes. 

Idiopathic hypercalcemia of infancy is a self-limited 
discase, and spontancous recovery is the rule. In the 


Tautz 1, Date in 3 Cases of Idiopathic Mypercaleemia of Infaney.® 
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“Ne ialants breast fed, 


cll? take exception to the formulation. of definite cri 
teria for such a distinction; 4 of their patients with the 
“benign” form died. A loud heart murinur may oce 
cur ip the “benign” form, and ostcosclerosis may be 
absent in the “severe” form. There appear to be all 


"gradations of severity, and it is difficult to assign pa- 
tients to one group or another. On a clinical basis, 


only Case | may be termed “severe.” 

Each of the patients described above was referred 
to the Childzen’s Hospital of Philadelphia because of 
growth failure. The differential diagnosis merits some 


discussion. Although the presence of an clevated - 


‘serum calcium will focus attention on the diagnosis of 
idiopathic hypercatcemia, other causes of growth fail- 
ure should be sought. 

Certain other conditions more closely related to the 


. syndrome of idiopathic hypercalcemia require spe- 
* cial attention.?*-#¢ Hyperparathyroidism may be con- 


sidered, but in this condition there is a diminution in 


. Serum phosphorus (at least in the carly stages), a 


marked rise in urinary calcium above the levels re- 


* ported in the syndrome under discussion and an in- 


crease of serum alkaline phosphatase; furthermore, 


"the bone lesions of hyperparathyroidism generally dif. 


fer from those described in idiopathic hypercalcemia. 
In idiopathic hypercalcemia the bone lesions may sug- 
gest Albers-Schinberg disease, but in that condition 
the serum reveals no biochemical changes and there 
is often a mycloph,hisie ancinia and ‘a family history 
of the disorder. ‘I'rue vitamin D intoxication may be 


- recognized by the history of the ingestion of large 


amounts of this vitamin and by the decalcification of 
bone, as a rule, rather than ostcosclerosis. Renal 
acidosis may closcly resemble idiopathic hypercalcemia 
but can be readily differentiated: hypotonia docs not 
occur in renal acidosis; acidusis is absent in idiopathic 
hypercalcemia but present in renal acidosis — the 
urine is always alkaline in the former, and usually 
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more severe forms death from renal insufficiency may 
occur, or if the patient survives, physica! retardation 
may persist for some years and mental retardation, 


Fivuas 3. X-Ray Film of the Loxe Bones in Cate 1, 


possibly owing to premature czanial aynostcosis. may 
become appareni. 
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- The cause of idiopathic hypercalcemia of infancy, 

“itt failure to thrive, is not established. Several fac- 
sors have been incriminated, and, at present, sensi- 
tivity to vitamin D has been assigned a prominent 
role by many authors. 
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hyperealcemia; however, it is possible to inercase the. 
urinary phosphate exerction in an infant with the 
syndrome by the administration of parathormene,“* 

The similarity of this disease to the “milk-alkali” 
syndrome in adults has led to consideration of the role 
of alkaline medications in infancy. Crecry'* pointed 
out that a high percentage of infants in his series had 
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Ne infants breast fed. 


Fanconi® attributed the disease to a collection of 
separate congenital defects. Butler® believed the con- 
dition to result from an abnormal sensitivity to in- 
gested calcium in the face of primary renal damage. 


os 


Foouas 4. X-Rey Film of the Skull in Case 1, 


It is improbable that parathyroid dysfunction is pri- 
marily responsible for this syndrome. As discussed 
above, the biochemical findings are not consistent with 
disease of the parathyroid glands; furthermore, ex- 


amination of the glands"? has shown them to be 


formal. It is possible that renal tubular immaturity, 


‘with unresponsiveness to parathormone, could produce 


received alkaline laxatives or other remedies. In 1 
American ease’ the frequent use of alkali was also re- 
ported. However, many patients received no such 
treatment. It is improbable that the ingestion of alkali 
is the sole cause of the disorder, although it cannot be 
denied that in occasional infants such therapy may 
aggravate an otherwise subclinical form. Creery and 
Neill!® have suggested that renal infection per se may 
lead to hypercalcemia in certain children. There are 
many cases, gencraily milder, in which there has been 
no evidence of urinary infection, but it is possible that 
an earlier infection has subsided before the infant is 
brought under close scrutiny. : 

Forfar et al.’* have described an increased calcium 
retention in 3 cases — 31, 48 and 69 per cent (normal, 
32 per cent) ; others*!** have reported similar find- 
ings. Phosphorus retention is also increased.'? Mild 
hypercalciuria is present in some cases.* The urinary 
amino acids are normal.?¢ 

Impaired renal function is evident from the fre- 
quent clevation of serum urea nitrogen or nonprotein 
nitrogen. This tends to subside with improvement in 
all but the severe cases. Fanconi* observed diminished 
renal clearance in a severe case. Sissman and Klein? 
conclude that dehydration may be the cause of the 
elevation of the nonprotcin nitrogen; they also re- 
ported a low-normal tubular reahsorption of phos 
phate. In fatal cases renal calcinosis has been ob- 
served, 64583? 

Although definitive proof that vitamin D is the 
major cause of idiopathic hypercalcemia in infancy is 
lacking, there is much evidence to warrant serious 
attention to such a possibility. In most cases reported, 
the intake of vitamin D is not generally considered to 
be excessive; indeed, 3 of the 5 patients described by 
Forfar ct al."* had received 400 to 550 international 
units daily, which is less than the recommended 
amount in the United Kingdom. Aside from the dis 
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wilavities between idienathic hypercalcemia asul 
glassie vitamin 1) intoxieation discused ahove, the 
serum citrate levels have been shown to be depressed," 
a finding inconsistent with true vitamin D_ intoxi- 
cation. 

Is there a hypersensitivity to ordinary quantities of 
vitamin D in these infants? What constitutes an ex- 
esssive intake? The former question has been raised 


| 
Frounn 5. Case | at Two Years of Age. 


in view of the failure to clicit by history an ingestion 
of what may be considered a large amount of the 
vitamin, Fyfe?! has shown that the blood Icvels after 
oral administration are much higher in infan:: with 
idiopathic hypercalcemia than in normal infants. 
Might the sane phenomenon occur in certain infants 
after “ordinary” doses of vitamin D? Perhaps the 


- concepts of ordinary or extraordinary amounts of vita- 


min D require better definition. Jn a review, jeans®? 
pointed out that 200 international units of vitamin D 
daily produced a degrce of calcium retention in in- 
fants no greater than that obtained when 800 units 
or more was used — at the higher level anorexia, di- 
minished intake of food and failuce to thrive de- 
veloped. 

Before 1943 the conventional dosage of vitamin D 
in England was 400 international units daily; more 
recently, coincident with the rise in frequency of idio- 
pathic hypercalcemia in England, the official recom- 
mendation has been 700 units per day’*; in addition, 


during this period, milk in the United Kingdom has - 


been fortilicd with 1400 intcrnational units of vita- 
min D per quart whereas in the United States the 


Now, 14, 1957 
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ainount is 100 units per quart. Might this secmingly 
inconseyuential change account for the ayparent dif- 
ference in incidence hetween the two countries? 
Creery and Neill?® state that no case of idiopathic 
hypercalcemia has occurred in “completely” breast 
fed infants. None of our 3 patients were brease 
fed. Ilowever, some infants have been breast fed for 
variable, but perhaps inadequate, periods.” If vita- 
min J) bears some responsibility for the condition, the 
fortification of artificial formulas and cow's milk re- 
quires careful scrutiny. It has been suggested” that 
the total vitamin D intake in infancy be limited to 
400 to 800 international units per day — certainly, 
this is adequatc.** The fortification of milk, bread, 
virtually all infant cereals and artificially prepared 
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commercial] formulas in the United States is enthu- 
siastically practiced. The practice seems to have 
got out of hand, and the quantitics of added vita- 
mins are frequently the focus of compctitive adver- 
tisement. ‘This fact was forcibly impressed upon us 
when we searched for foodstuffs containing litle or 
no vitamin LD for the treatinent of the cases reported 
above. In the Philadelphia area it was almest impos 
sible to obtain milk free of vitamin D. 

Forfar et ai." have proposed an abnormality in the 
metabolism of cholesterol, the production of abnormal 
toxic sterols with vitamin D activity, as the basic cause 
of the disorder. Certain observations suggest that 
vitarnin 1) may not be thd major etiologic agent in 
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sathic hypercalcemia. Hubble administered 
doses (520,000 and 1,000,000 international 
units) to 2 infants in remission, without producing a 
white; perhaps a temporary periad ol. vitamin 1) 
npersensitivity had already clapsed. ‘The same aU 
thers? gave calciferal to infants during the active 
phase of the disease, without exaggerating the clinical 
fratures or the calcium retention, One infant in re- 
mision®® reccived 2000 international units of vitamin 
PD daily; within two weeks the serum calcium and 
blood urea nitrogen rose slightly but feil thereafter. 
Ia a similar experiment during remission,** an 
exacerbation was produced. 


TREATMENT 


Creery and Neill" obtained good results by e:m- 
yurg the usual dict containing unfortificd milk and 


\ without added vitamin 1), ‘The inore thorough re- 


moval of vitamin D from the diet hes’ been recom. 
mended by others.'® In addition, the employment of 


> acalcium-free dict has produced a depression of the 
: stum calcium level.2* Stapleton, Macdonald and 


£ Lightw : i i 
diet and removal! of all sources of vitamin D acceler- 


{ 
i] 
( 
‘ 
f 
t 
I 
i 


* believe that the use of a calcium-free 


ate the rate of recovery. 

It has been stated that cortisone ordinarily causes 
an increased excretion of calcium and phosphorus.?* 
Suiking improvement has been described in 1 infant 
with severe idiopathic hypercalcemia after the ad- 
ministration of 12.5 mg. «* cortisone daily.2° An in- 
erease in the excretion of calcium and phosphorus has 
been reported to follow the use of cortisone for idio- 
pathic hypercalcemia." 

As would be expected, various agents that “bind” 
aalcium, and thus increase renal excretion or interfere 
with intestinal absorption, have been tried. Lowe 
et al.'° observed no beneficial effect on the serum cal- 


- Gum level after the oral administration of sodium 
* ethylenediaminctetracetate; another patient died after 
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the intramuscular administration of this compound. 
It is not recommended for the treatment of idiopathic 
hypercalcemia, 


Sodium phytate (a salt of inositol hexaphosphoric 


acid) forms insoluble salts with calcium and has been 
employed to block the intestinal absorption of calcium 
in vitamin D poisoning and sarcoidosis by Henneman 
and Carroll.?* Carter et al."* have attempted to em- 
ploy “all-bran” as a source of phytic acid in infants 
with idiopathic hypercalcemia. ‘This agent appears to 
be relatively free of undesirable effects. We are cur- 
rently administering it to one baby (Case 2) in an 
attempt to hasten recovery. 

The employment of sulfonamides for the concomi- 
tant urinary infection is probably contraindicated. 
Harris** has shown that they may aggravate renal 
damage and osteosclerosis. Although it is advisable to 


employ other suitable treatment for the urinary in- - 


fection, Lightwood and Paync* do not believe that 


such therapy hastens the remission of the hyper. 
caleemia. 


Susmany anu Conciusions 


Three cases of “idiopathic hypercalcemia of in- 
fancy, with failure to thrive,” occurring within a tvo- 
year period in a single children's hospital in the 
United States, are described. The condition has been 
seen much more commonly in the United Kingdom, 
although it is possible that it is not always recognized 
in North America. The role of vitamin D is discussed. 
The more mexlerate use of vitamin D in infant nutri 
tion is advisable. When the condition occurs, it is best 
treated with a dict low in calcium and vitamin D. If 
the condition is severe, small doses of cortisone may 
be employed. 

Idiopathic hypercalcemia of infancy, with failure to 


thrive, is a distinet clinical entity of unknown cause, , 


although it appears highly probable that vitamin D 
has an important role in the etiology. This syndrome 


.is not synonymous with true vitamin D intoxication, 


but it may represent an expression of hypersensitivity 
to vitamin D in certain infants. 

Whesher or not idiopathic hypercalcemia of infancy 
with failu-e to thrive is truly uncommon in the United 
States, it bchooves the American physician to take 
warning and to avoid the excessive use of vitamin D. 
Moderation should be practiced in the commercial 
houses entrusted with the preparation of infant fonds. 
It is likely that 400 or 500 international units of vita- 
min D per day is adequate for almost all infants. It 
would be desirable to obtain better control over the 
intake of infants exposed to so many sources in a 
“vitamin-hysterical" environment. ‘The physician and 
parent, unfortunately, are not always aware of an 


infant's total vitainin D intake. It is virtually impos- 


sible under present conditions to determine the con- 
tribution from various “hidden” sources. 


We are indebted to Brs. Anthony J. Repici, Paul Morris 
and Henry S. Cecil for the opportunity of studying these 
cases. 
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PRESENCE OF CHILDREN IN THE HOUSEHOLD AS A FACTOR IN THE 
INCIDENCE OF PARALYTIC POLIOMYELITIS IN ADULTS* 


Mornis Siecer, M.D.,t Morris Greennero, M.D.,$ ano Jerome Bopian, A.B.§ 


s NEW YORK CITY 


N a recent study on poliomyclitis and pregnancy, a 
*~ relation was observed between the occurrence of 
poliomyclitis during gestation and parity.’ Regardless 
of maternal age, clinical infection was more frequent 
in multiparous than in primiparous women. The as- 
sociation between parity and poliomyelitis apjcared 
to be dependent, in part, on the number of children 


Taare 1. Annual Incidence of Poliomyelitis, New York City, 
1949-1953 


——————————————————————————————— 
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14.6 
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44 
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Percentage 23.4 


in the houschold. However, the relation could not be 
explored further because no data on the distribution 
of the general population by family size were avail- 
able. They have become available since then. 


tients with so-called “secondary” cases were infected 
at the same time as the patient with a “primary” ease, 
presumably from a common carricr source.** Labora. 
tory studics by other investigators confirmed thee 
clinical impressions, They revealed the rapidity with 
which the virus was spread among the members of 
a household, and the importance of the affected 
- househeld as a source for the dissemination of virus 
in the community.’*'® The intestinal tracts of persons 
infected for the first time were found to be heavily 
seeded with virus, even among those who had been 
actively immunized with Salk’s formalin-treated virus 
vaccine, !*-28 
The present stucly was undertaken to investigate 
the influence of children in the houschold on the in- 
cidence of paralytic poliomyelitis in adults, taking 
into consideration the factors of age, sex, marital 
status and pregnancy. Since 99 per cent of patienis 


Tanre 2. Distribution of Cases According to Clinical Type. 
————————————————— 
Cumca Tree 
Nohparalytic 
Spinal paralytic 
Bulbar paralytic 
Totals 


Studies of poliomyelitis in houscholds have been © 


conducted by a nuinber of investigators. Some of the 
carliest works were on the frequency of multiple cases 
in households. These indicated that most of the pa- 
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in all reported cases of poliomyclitis in the adult 
group were fiftcen to forty-four years of age, the study 
was limited to this age group.- 

‘The data on the occurrence of poliomyelitis in the 
population under consideration were obtained from 
the clinical and epidemiologic investigation of cases 
reported to the City of New York Iealth Department 
from 1949.10 1953, inclusive. The information wa 
‘obtained by epidemiologists, who visited all patiens 
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AN EXPERIMENTAL IISTOLOGIC STUDY OF 
NYPERVITAMINOSIS D.¢ 


Groace M. Hass, MOD.; Ricmaro F, Trucieaart, M.D.; C. Dasce Tartoa, M.D, 
and Manyonic Stunre, B.A. 


From the Rush Laboratory of Pathology of the Presbytrian-St. Luke's Hespitel, 
: Chicago, JU, 

Soon after the discovery of the similarity of Vitamin D to Irradiated 
“ergosterol, several investigators became concerned with the action of 
excessive doses of irradiated ergostcrol.* It was Generally agrecd that 

_ the compound exerted its effects by its influence upon calcium and 
phosphorus metabolism, presumably through some intermediary hor- 
mona! mechanism." It was proved that the compound. had no serious 
toxic action except when given in doses far in excess of those required 
for prevention or cure of rickets due to a deficiency of Vitamin D.* . 
Finally, it was established that the principal pathologic changes ate . 
tributable to excessive doses in man or animal were in the form of 
abnormal deposits of «alcium in many organs and tissues.*"! Having 

“settled practical matters concerning the clinical use of the compound, 

"interest in hypervitaminosis D subsided, and except for the studics of 

"  Follis, little attention has been given to the subject since 1935,!2!8 

Our interest in hypervitaminosis D arose as a result of the emphasis 
of Wolbach, Bessey and Fell upon the use of +vitaminoses and hyper- 
vitaminoses as tools for study of pathologic sequences and their rela- 
tions to the locus or nature of action of vitamins. Sequences in 
human disease with which we have been concerned relate to so-called 
degenerative changes which are especially conspicuous in connective 

"tissues and more common in arteriosclerosis than in any other human 
disorder."""* The lesions described in hypervitaminosis D seemed to 
offer a promising source of information in further study of these non- 
inflammatory degencrative sequences.*** Hence, histologic studies of 
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Cr Otie at etn of lesions in rabbits given 


doses of irradiated ergosterol were undertaken with special attention 
to changes in the vascular system. ; 


Mernops 


The viostero! used in the experiments was a solution of irradiated 
ergosterol (15 mg. per ml.) in peanut oil. (Abbott Laboratories, Chj. 
cago, Il.) The potency was assayed as about 10° U.S.P. units per ml. 
This was given intramuscularly in doses of 0.1 ml. (10° U.S.P, units) 
at daily, biweekly or triweekly intervals for periods as long as 6 to 8 
weeks. The regime was varied at lower dosages so that minimal and 
maximal pathologic effects could be defined and their evolution recog. 

‘Bized over a period of several months, 

Male albino rabbits from a single stock, about 5 pounds in weight 
and 3 months old, were used. Records of weight and analyses for 
serum calcium, phosphorus and cholesterol were made at intervals of 
about 2 weeks, The animals were fed a Purina Rabbit Pellet diet with 
fresh vegetables.’ For control purposes, complete microscopic studies 


" ‘Were made of 75 normal rabbits from the same stock, of the same age 


and maintained on the same diet. 

Since the initial plan was to produce maximal Pathologic effects, the 
dose was regulated at levels just below the quick lethal range. Hence, 
most animals lost weight and died within 6 wecks. Later, the plan was 
to analyze minimal, sublethal and early pathologic effects, and animals 
were either sacrificed at any carly stage or given viostero] at longer - 
intervals and sacr'ficed at a later stage. Complete necropsies were 
done and a record of the Bross findings made. All tissues and organs 
were fixed in formaldehyde (4 per cent U.S.P.) and studied micro 
scopically. A series of 54 animals were suitable for the Purposes of this 
report, with 49 additional animals on other dictary and viosterol ree 
gimes available for supplementary and confirmatory observations, 


RESULTS 


& type 
Among animals free 
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{rom extraneous disease, except hepatic coccidiosis, the total minimal 
elective dose was 500,000 to 600,000 units. This dose produced gen- 
eralized calcinosis of increasing severity as the time of administration 
in periodic equal doses was extended to at Jeast 3 weeks. The severity 
of the disease was further increased as the biweekly administration of 
doses of 100,000 units was continued beyond 3 weeks. This regime 
generally led to anorexia, loss of weight and death within about 6 
weeks. Accurate control of the rate of development of pathologic 
processes was also obtained, so that prolonged participation of tissue 
elements in mechanisms of resorption, repair and regeneration might 
be studied, but this required careful regulation of dosage over a period 
of about 6 months, 

Significant gross anatomic changes were encountered only in animals 
with considerable discase, manifest by changes in bones or deposition 
of calcium in numerous extra-osseous tissues. These could not be core 
related with any consistent changes in values tor cholesterol, calcium, 
or phosphorus in the serum, : 

The ages in bones varied with the severity and duration of dis 
easc. In general, the bones were more brittle than normal (Fig. 9), 
The increased fragility was due largely to resorption of cortical bone, 


often sufficient to allow mechanical deformity of bodies of vertebrae ve 


that partial collapse and abnormal cortical contours were occasionally 
Conspicuous. In these cases, the trabecular structure was compact and 
the marrow spaces reduced so that the internal structure of the verte. 
bral bodies resembled that found in human osteosclerosis and Paget's 
disease (Fig. 10). 

The amount and distribution of abnormal deposits of calclum in 
€xtra-osscous tissues also varied with the duration and severity of the 
disease. In mildly affected animals there were no gross changes, With 
increasing severity of the disorder, calcium salts began to appear as 
white streaks which acquired an opaque brittle or granular character, 
" The deposits conformed to anatomic planes and structural outlines of 
affected tissues. They were most conspicuous in the aorta and its 
major branches, being maximal proximally and diminishing distally in 
& Consistent pattern.2"° The deposits were in the media, usually in the 
form of continuous sheets or as @ series of discontinuous rings with 
&ancurysmal deformities of the wall. Calcium deposits were less con- 
S| cuous in the kidney, where bandlike granular deposits, were noted, 
first in the inner cortex and later, as the calcified zone of the innermost 
Cortex spread toward the capsule, as one or more convéx parallel bands 
in the periphery of the medulla (Fig. we 
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The next most common location ‘of calclum deposits was in muscle 
(Fig. 2). The deposits coincided wiih white streaks which followed 
the pattern of orientation of muscle ceils or distribution of 
They were less common in skeletal than cardiac muscle, but frequently 
Were clearly distin; ished in the diaphragm and smooth muscle of 
special] parts of the: imentary tract. The esophagus was never affected, 
The walls of the fl um and colon Were occasionally altered, but this 

- Bever occurred unless there were extensive deposits in the muscular 
wall of the stomach subjacent to the acid-secreting mucosa (Fig. ®), 
The acid-secreting gastric mucosa also commonly contained deposits 
of calcium but less frequently than the subjacent musculature, Caj. 
clum deposits were not found In the mucosa or muscle of those parts . 

- Of the stomach which have no acid-secreting function, 

Another common location of calcium deposits was in the respiratory 
tract. The tracheal and bronchial cartilages were often rigid and calc. 
fied, and thin plaques of calcium Were at times recognized in the 
mucosa of the larger respiratory passages. Calcium deposits were 
rarely found in the media of large pulmonary arteries but were fairly — 
common in the walls of pulmonary veins. In connection with these 
changes, pulmonary emphysema and decreased elasticity of the alveo- 
lar structure were usually demonstrable, 

Other tissues and Organs occasionally contained ross traces of cal- 
cium salts, but in many locations the presence of the mineral deposits 
Was established only by microscopic studiexn, sé “ 
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a Microscopie Pathologic Changes: °°! 

” Deposition of calcium fn the heart was usually associated with s 
peculiar inflammatory reaction similar to that described in rats (Fig. 
1)."" In general, the calcification potential of various cardiac structures 
in order of decreasing intensity and f requency was as follows: internal 
elastic membrane of coronary arteries, smooth muscle of coronery 
arteries, fibroelastic tissue of the endocardium, and cardiac muscle. 
Calcium deposition in cardiac muscle cells was confined initially to the . 
“A” disks of the myofibrils. As the amount of calcium increased, the 
“I” disks were involved, and Jater the interfibrillar compartment was 
affected so that the muscle cell appeared to be impregnated unifomly 
with calcium. At times, as much as one third of the myocardium was 
involved, but as a rule the calcificd muscle cells were distributed 
irregularly around the coronary arteries or in the subendocardial re- | 

gion (Fig.-2), This localization seemed to be determined Partly by the 
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” common occurrence of a low-grade inflammatory reaction (Fig. x). 

At times, the reaction was principally in the form’ of arteritis and | i 

perlarteritis, characterized by swelling of collagen, perivascular pro» 

liferation of histiocytes, and formation of focal nodular lesions which ... 

resembled Aschoff bodies. Usually these lesions lay either adjacent to. ..-  : 

or around cardiac muscle cells in various stages of degeneration, calcl-- st 

fication, and resorption. Their incidence increased with the level of.- - !, 

dosage of viosterol and perhaps with the intrusion of intercurrent . Ny 

infections, though data concerning ‘the role of infections were too ** : 

meager to justify final conclusions. Suffice it to say that control ar'-":-: +; 

mals dying of the same infections bad no lesions of the type described. fe) eg 
The presence of an active periarteritis and myocacailis may have -" .*..": 

had sorsething to do with the distribution of calcified cardiac muscle « « 

cells, but there seemed to be little relation between the inflammatory . : 

reactions and calcification of the media of coronary arteries. The main: -” 

coronary arteries were free from inflammation, and calcium deposits 

in the internal elastic membrane or smooth muscle of the media *-re — 

more conspicuous in these vessels than in the smaller intramyocardial « 

branches which exhibited Inflammatory reactions. In some instances, .°. -- 

the deposition of calcium was so great that it was detectable in coro- _ 

nary arterial branches of uil dimensions, ‘This process was Dever une, 

form in arteries of equal dimensions but involved certain arterial 

branches more severely than others... s ”, eee a 
Calcification of the fibrous or fibroelastic stroma of the heart was © 

never impressive in valves or in the myocardium. The endocardium, 

especially of the left atrium, was occasionally severely calcified, the’ 

‘ process being more pronounced in elastic networks than collagenous © 

— : Respiratory Tract. Net tees 
The sequences and pattern of calcification in the respiratory tract .- 

were of great interest. The earliest deposition, other than that occur- 

ring in the tracheobronchial cartilages and goblet cells, was in the 

fibroclastic stroma of the tracheal mucosa. The calcium deposits were 

distributed at regular Intervals just below the basal layer of epithelial - 

cells. As a rule, the basement membrane and underlying fibroelastic : ° 

tissues were affected. In more advanced cases, the deposits involved 

the entire basement membrane and variable amounts of subjacent 

fibroclastic tissue, as deep as the plane of the muccsal vascular plexus 

(Fig. 3). Only rarely did the calcium deposits extend in continuity 

from basement membrane to the perichondrium of cartilaginous rings. 

Invariably, however, in these severe lesions there was excessive calci- © 
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, fication of the cartilaginous matrix. When this occurred, the calcified 
zones of cartilage lay adjacent to those of the mucosa, and at times 
there was erosion and stromal penetration of the margins of calcified 
cartilage. This was not followed by osteogenesis. On the contrary, the 
stromal invasion stimulated resorption of mineralized matrix and re 
gional preliferation of young cartilage cells, ; 

Calcification of the subepithelial tracheobronchial stroma was often 
preceded or accompanied by swelling and distortion of collagenous 
fibrils, but customary signs of inflammation were usually ebsent. How. 

‘ever, once calcification had occurred, reparative sequences were at 
times recognized. These seemed to be initiated by two factors. One 
was the fragmentation of calcified fibroelastic tissue and basement 
| membranes, leading to local proliferation of histiocytes and encap- 
sulation of displaced degenerated calcified tissue by histiocytes and 
multinucleated giant cells. As this occurred, the subepithelial base. 
ment membranes and adjacent mucosal stroma were usually slowly 
regencrated. When the reparative process was unduly active, the epi- 
| thelium regressed to an undifferentiated type of columnar cells which 
| regencrated as either a characteristic respiratory epithelium or a meta- 
| plastic epithelium of stratified squamous type. fhis form of epithelial 
: behavior called to mind the sequence described by Wolhach in the 
course of deprivation and restoration of vitamin A." The second 
5 ‘i factor initiating reparative reaction was the deterforation of epithelial 
cells which followed calcification of mucus in the secretory vacuoles of 
goblet cells “Fig. 3). These cells, in the absence of any signs of dimin- 

ished viability, inflammation, and undue calcification of subepithelial | 
: basement membranes or deeper stroma, were occasionally transformed 
_ into spherical, cor:centrically laminated, calcified crystalline structures. 
| This form: of primary epithelial calcification usually stimulated 2 ree 
’ generative reaction in which*proliferation of basal cells led to atypical 
orientation of the new epithelium in relation to rigid calcified basement 
membranes. Ordinarily this activated the regional stroma which pro- 

. + @uced an entirely new structure with characteristics of the original 

_ basement membrane. The new membrane was interposed between the 
discontinuous calcified original basement membrane and the proliferat- 
ing epithelium. As this occurred, the displaced calcified membrane 

. became encapsulated by histiocytes or incorporated in the cytoplasm 
of multinucleated giant cells. 
Despite the apparent interference of these changes with tracheo- 
bronchial function, little ecsociated inflammation was provoked. A 
low-grade chronic tracheabronchitis, characterized principally by an 
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infiltration of plasma cells in the respiratory mucosa, was found in 


a few animals, This followed the most severe instances of stromal . 


and epithelial caicification, It was never encountered in control 


animals and was regarded as a specific feature of hypervitamin- 


osis D. 5 

Not all parts of the tracheobronchial tree were equally affected by 
the calcific changes. The process developed more readily in the trachea 
and, as the disease became more severe, spread distally. Hence, in 


_ mild cases the principal changes were in the trachea. In moderately 


severe cases, the lesions were conspicuous as far distally as the ter- 
minai bronchi supported by cartilage. In the most severe cases, the 


process extended all the way into the walls of the alveolar ducts and 
_ alveoli. At times, the calcification of the terminal structures was very 


advanced, with involvement of pulmonary elastic tissue and the walls 
of interalveolar capillaries and pulmonary venules (Fig. 4). The alter- 
ations Jed to diminished elasticity with increased rigidity, relaxation, 
and fragility of alveolar structures. Thus, early stages of emphysema 
became conspicuous, and although peripheral pulmonary changes were 
usually associated with advanced tracheobronchial calcification, the 


relationship was not always encountered and was by no means quantl- 


tative. It was clear that factors which determined the locus anil quan- 
tity of tracheobronchial calcification did not necessarily operate 


~ equally in determining the distribution and magnitude cf calcification 


in alveolar walls and pulmonary vascular channels. 


' 


Alimentary Tract 
The upper alimentary tract was studied more carefully than the 


_ lower tract so that conclusions concerning changes distal to the duo- 


denum were only tentative. oes 

The esophagus showed no evidence of disease. 

The stomach was a common site of severe calcification but only in 
special locations; namely, the part of the gastric wall concerned with 
support, nutrition, and the specific performance of acid secretion (Fig. 
5). This part encircled the cardiac orifice and occupied the principal 
part of the fundus and greater curvature. The mucosa of the lesser 
curvature and the pyloric region contain few if any parietal cells which 
are generally held to be responsible for secret’on of hydrochloric acid. 
The parts of the gastric wall which were calcified are thevefore spatially 
and presumably functionally integrated. Calcium in the muscular wall 
was usually most conspicuous, and there was concurrent calcification 
of the mucosa and arterial system. Deposits of calcium in the mucosa 
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usually appeared first in the tunica propria and basement membranes 
adjacent to the common Junction of branches of the compound glands 
. in the midmucosal regions. Occasionuily, cells lining the glands were 
calcified, and at times calcified concretions lay in the lumens of glands. 
Later, stromal calcification also occurred in other locations, especially 
‘wear the muscularis mucosae. In connection with the stromal deposi 
’ calcified walls of small arterioles were conspicuous, and at the level of 
the muscularis mucosae and submucosa, calcification of walls of larger 
arterioles and small arteries was still more prominent. Walls of larger 
arteries deeper in the tunica muscularis and serosa were less severely 
calcified although calcium deposits in the internal elastic membrane 
and subjacent media were common. In these vessels, fibroelastic in- 
timal proliferation was apparent, always overlying calcified or frag. 
mented stretches of abnormal internal elastic membranes or subjacent 
media, ; 

Celclum deposition fn the tunica musculoris and the muscularis 
mucosze of the stomach occurred in a characteristic sequence and pat- 
tern. Major deposits lay in the cytoplasm of smooth muscle cells 
which seemed, initially at least, to be structurally normal. The smooth 
muscle cells were ordinarily affected in groups, and with increased 

_ calcification only the bare outlines of initial structure remained. In its 
place there were rows of curious calcified bodies which resembled 
Strings of beads without recognizable origin in cytoplasmic structure 

.., (Fig. 6). Minor deposits of calcium appeared in tortuous curved 
structures which at times resembled: fibrous or elastic elements and at 
other times minute canaliculi or autonomic nerve axons. Further study 
will be required for the identification of these calcified filaments, fibers 
and other structures, . . 

The pattern of transmural calcium deposition in elective sites in the 
stomach disappeared with the transition of gastric mucosa to the type 
which secretes no acid. Indecd, the entire thickness of the gastric wall 
just beyond the level of mucosal transition was normal jn all cases, In 

other words, all arteries, nerves, smooth muscle, mucosal glands and 
stroma in the non-acid-secreting part of the stomach were free from 

calcium deposition. Mee ein 

Immediately beyond the pyloric sphincter, which at times contained 
a few clusters of calcified smooth muscle cells, a different pattern of 
calcification was encountered. Here, the duodenal mucosa, tunica 
muscularis and muscularis mucosae were ordinarily spared while cal- 
cium deposits appeared conspicuously in the walls of smal) arteries 
and arterioles, Distal to the duodenum the only important calcium 
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deposits were in the tunica snseuiterté of the fleum and especially the te: 
colon. The deposits varied greatly in amount and position. Mucosal 
and arteriolar calcification was indistinct or absent, except in the colon, 
in the reticulum of lymphoid follicles or in the basement membranes of 
interglandular surface epithelium. There was a peculiar concentration — 
of calcium in and around ganglionic plexuses in the tunica muscularis’ 
of the colon. Other plexuses were uninvolved. Mucus-secreting goblet 
cells, commonly calcified in the arapientony ona were unaffected 
throughout the fleum and colon, a ee ae 


Urinary Tract: 


“The kidney was also a common site of severe ‘dushenn sik was 
affected in all cases in which there was significant calcification in other 
tissues.*** The renal calcification was confined principally’to aggre. . 
gates of functionally related units. For instance, nephrons were not 
involved equally or in a random manner. Those first affected were. 
nearest the medulla, and from this region the process spread to involve 
the more peripheral nephrons but seldom reached those in subcapsular 
areas (Fig. 7). In connection with this curious wave of calcification . 
there was a similar spread in the medullary tubular areas correspond- . --" 
ing to the distribution of loops of Henle. en 
- The sequence of changes in nephrons was also of inteveet: The epi- ¢ 
-thelium of the convoluted tubules seemed most susceptible; the cells 
were frequently solidly impregnated with calcium often disposed in a 
spherical, concentrically laminated pseudo-crystalline fashion, occupy- 
ing and expanding the original volume of the cytoplasm and nucleus. 
Intraluminal calcified protein casts were also encountered in these | 
tubules. The hasement membranes of the convoluted tubules hada ~ 
conspicuous affinity for calcium so that at times they were more heavily 
calcified than the epithelial cells. This affinity was prominent beyond 
the limits of the convoluted tubules, especially in the stroma of Bow. 
man’s capsule. Less often, the subendothelial me-nbrane of #omerular 
arterioles was affected. oS 

No conspicuous calcification of tubular epithelium and basement 

. membranes of the kidney appeared without calcification of the related ~ 
arterial system. The large extrarenal arteries were least involved, al- 
though calcification of internal elastic membranes and subjacent 
patches of medial structure was usual. Where the extrarenal arteries 
branched to enter the cortex, near the corticomedullary junction, 
Pathologic changes became more prominent. The walls of arteries and 
arterioles supplying the nephrons undergoing mineralization were fre~ 


. 


a | ee Owe 2 te 208 een teeree ees 


‘ae Oe ° 


a: 


-_ 
. : 
. . : 
. . * 4 
NN a enna taro 
: . 
. 


Tor 


« 
5 
n 
¥ 


—__* 
ae 


We tae 


Tey, 


- ’ as ia 
2 ° a . 
. ey te . ’ ; 
. : . . ‘ ¥ ey . 
SE A A SE ES tn es gee mn ees e 


‘, ce 
7 pepe a hg 
oi tae 


F 
‘ 
’ 


sees OOOO OE OEE LALLA ELE: ALGAE 


‘e ‘ L238 ee : 
Sata thin Marnliarta tons &. Fo al es eceee COA btn ee ae ite tt ae eth ES Fa TCO: se Ae 9 et ea 


44 HIASS, TRUEWEART, TAYLOR, AND STUMPE Vol. 34, Ho. y sail 
quently solidly impregnated with calcium so that mural structure — 194 
hardly recognizable (Fig. 15). The process of arterial calcification F 
ordinarily extended in continuity to the glomerular tuft (Fig. 8). In- 

volvement of the gicmerular arteriolar plexuses was uncommon 
. When calcium was deposited in spherical masses scattered throughout 
the tuft in swollen glomerular endothelial cells, The postglomerular 
arterioles and venous channels were spared, except in the most severe 
instances of diffuse calcification. This was equally true of all arterial 
and venous systems connected with the nephrons of the peripheral 

half of the renal cortex. : 
: The most remarkable feature of the renal lesions was their distribu. 
pees) (03 . tion. Of interest also, however, was the absence of expected signs of 
erect NG a inflammation. Nor was there ever more than a trace of the reparative 
aed i gaa reaction one would anticipate in response to the observed magnitude 
Py Nu .. and duration of renal damage. The disease was essentially indolent, 
f ats i | - ', progressive and degenerative. . 


9 dere ioe 


| 
\ 
The remainder of the urinary tract was not studied carefully, but 
| ureters and renal pelves were often included in the sections. The ureters 
- | Were always normal. The pelves ordinarily contained subepithelial 
| : deposits of calcium, occurring at intervals in the fibroelastic connective 
tissue and among bundles of smooth muscle cells. There was no inflam- 
! matory reaction preceding calcium deposition although the stromal : 
| fibers were often swollen and nodular. Following calcium deposition, 
la. : | __ there was in some instances a proliferation of histiocytes resembling 
oe a the reaction encountered in similar calcified tissues. in several oth 
Se oo *  focations. 


Vascular System 


Particular attention was given to a study of the vascular system.** 
‘ The earliest evidence of hypervitaminosis D was in the proximal aorta 
and changes were always found here, whenever there were calcific 
deposits in other locations such as the tracheobronchial mucosa, gas- 
tric wall and kidneys. As the disease became more severe and pro- 
longed, calcium deposits appeared in the midaorta, then in the distal 
aorta, and at about the same time, in various aortic branches, 
Microscopically, the"initial calcium deposits in the aorta were in 
and along the innermost elastic membranes and delicate intermem- 
_ branous fibrils or matrix (Fig. 11). With increasing duration and } 
severity of the disease, calcification increased in depth and magnitude. 
In advanced cases the inner third of the media of the proximal aorta : 
was calcified in continuity, and there were discontinuous annular zones 
of calcification in the middle third of the media. The depth of pene- 
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ve tration of calcification in continuity decrensed slightly with incrensing 
distance from the aortic valve but not in proportion to the decrease in 
thickness of the media. Hence, in advanced cases, the full thickness 
of the media of the distal aorta was calcified, while not more than the 
inner half of the media of the proximal aorta was similarly involved. 

Each aortic branch had individual susceptibility to mineralization, 
and cach had its own pattern of calcium deposition. In general, 
branches of similar size and structure had similar susceptibilities and 
patterns, but this was not an invariable rule. Wit’out undue descrip- 
tion of deviations, the trends in the different systems may be given as 
follows. As the clastic.structure which dominated the composition of 
the upper aorta was gradually replaced by an increased amount of 
smooth muscle in the distal aorta and carotid, renal or iliac arteries, 
calcification of the internal elastic membrane became more conspicuous 
and local deposits of calcium appeared in and between the subjacent 
smooth muscle cells (Fig. 14). The deposits in the beginning were 
discontinuous and distributed in an annular manner (Fig. 12). As 
they increased in number and. extent, they tended to fuse to form 
annular rings and to spread in the long axis of the media, eventually . 
occupying it entirely, The process was especially conspicuous in the - 
iliac and femoral arteries. A similar lesion but with less annular and 
axia) discontinuity of calcification was common in the carotid, axillary 
and brachial arteries (Fig. 13). 

Changes in the smaller and more peripheral branches of these arteries 
did not follow any uniform pattern which could be related to the dimen- 
sion or structure of the vessel. For instance, the immediately extrinsic 
and intrinsic vessels of the cerebral vas ir system were always nor- , 
ma]. The main pulmonary artery ©od major branches occasionally 
contained discrete calcified lesions of the inner media, but the minor 
branches down to the level of the alveolar capillary network were 

_ Usually normal. At the alveolar level, calcium deposition became con- 
spicuous and extended in continuity to involve the media of vessels of 
the outflow venous system into the left atrium (Fig. 4). Arteries to 
special organs such as the submaxillary glands, kidney; spleen, thy” :s, 
duodenum, acid-secreting part of stomach and thyroid were often very 
severely affected, while those supplying the eye, testis, ileum, adrenal, 
pituitary and liver were spared from significant alteration. Arteries to 
skeletal muscle, pancreas, bone marrow and skin contained lesions to a 
variable degree among different animals and from place to place in the 
fame animal. These general statements also pertain to aman, and 
capillaries, : 
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Veins, except those carrying blood from pulmonary alveolar spaces 
to the left atrium, were never electively involved, though venous chan. 
nels in the kidneys, bone marrow and elsewhere were occasionally 
secondarily affected in connection with massive calcification of regional 
tissue, 


Not only were there unexplained vagaries in localization of calcium 
in different arteries and arterial systems, but the patterns of reaction 
associated with the localization were equally variable. For 
fibrous intimal proliferation was negligible in the proximal aorta, It 

" Increased in magnitude in the aorta with increasing distance from the 
aortic valve. It was maximal in the systemic arteries of large caliber 
which showed severe calcification and fragmentation of internal elastic 

- Membranes supported by medias comp.sed largely of smooth muscle 
rather than layers of elastic lamellae. It was limited exclusively to 
arcas covering abnormal! iniernal elastic membranes and subjacent 
media! structures in most animals, and predominantly so in all animals, 
The fibrous intimal plaques formed sluggishly but at times within 6 
weeks acquired a thickness equal to that of the arterial wall (Fig. 14). 
In smaller arteries, the intim2! proliferation was less conspicuous so 
that in arterioles, despite extensive transmural calcification, intimal 
proliferation was scarcely recognizable, except in the presence of active 
or healed arteritis (Fig. 16). ; 

The occurrence of arteritis was another unexplained variable. The 

'” evidence indicated that the arteritis was related to exceedingly high 
dosage levels and perhaps to acute intercurrent infection. Suffice it te 

, Say that arteritis of the typ: occurring in animals with hypervitanto- 
osis D was never encountered in the centrol animals, many of which 
also died of acute intercurrent infections. Whatever the eventual 
explanation, the arteritis and periarteritis had no specific connection 
with the degenerative calcifying disease of arteries in general. There 
was good evidence that it was connected with the occurrence of calci- 
fied deposits in dista! arterial systems lying within muscle and con 

__ Cerned principally with the nutrition of cardiac and skeletal muscle 

_ -" (Figs. 1, 16). Seldom was arteritis or periarteritis encountered else- 
where and then only in isolated vessels and never in the conspicuous 
gencralized form noted in the muscles. 

Not only was the anatomic distribution of the arteritis a matter of 
considerable significance, but the pattern of inflammation of arterial 
walls and perivascular tissucs was equally interesting. The most severe 
forms were in the nature of 9°. indolent panarteritis, which resembled 
reactions occurring in periarteritis nodosa, lupus erythematosus, rhev- 
matic fever, and occasionally rheumatoid arthritis, In less severe cases, 
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the signs of Inflammation were principally in the collagenous 

titial tiesues. These signs varied from a mild nodose swelling of the 
fibrils to a more pronounced response characterized by aggregates of 
histiocytes, neutrophils and lymphocytes in and around foci of degen- 
eration of perivascular interstitial tissucs. At times, especially in the 
myocardium, several persons who have studied these sections have 
remarked the similarity of the lesions to Aschoff bodies. Similarity 
was all that could be claimed, however. The lesions were entirely un- ’ 
like the random inflammatory foci encountered occasionally in the 
myocardium of rabbits in the control series.** 
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. Muscular Systems : 
The preceding descriptions have disclosed that the muscular tissues 
of the body were usually affected. There was no evidence that this 
involvement was secondary to alterations of arteries, although arterial 
lesions customarily accompanied muscular abnormalities. Smooth 
muscle was more gencrally affected than cardiac or skeletal muscle. 
Changes in smooth muscle of the media of systemic arterial and pul- 
monary venous systems, the tunica muscularis of the alimentary tract 
and the tracheobronchial tree, and the mucosa of the renal pelvis have 
already been described. Similar changes were less common in such 
other locations as the corium of the skin and septa of the spleen. 
Though successive stages of development of the lesions in smooth 
muscle were similar in most locations, this was not true of all locations, 
and there were wide differences in the susceptibility of various smooth 
muscle cells. In general, cardiac and skeletal muscle were less sus- 
ceptible than smooth muscle, whereas skeletal muscle in most locations 
was less susceptible than cardiac muscle. In some instances, mani- 
festations of inflammation and cellular degeneration preceded the 
microscopic signs of calcification of muscle. In other instances, how- 
ever, the intracellular deposition of calcium seemed to occur in muscle 
which showed no definite evidence of inflammation or degeneration 
(Fig. 6). Whether these occurred or not seemed to be re.ated to the 
rapidity of development and severity of the disease. At times, the 
stromal elements around smooth muscle cells were affected before 
there was conspicuous calcification of the cells. At other times, the 
cells were initially altered, and the stromal elements resisted calcifica- 
tion. This resistance of the stroma was generally apparent when cardiac 
Muscle was undergoing calcification, but less so when calcium was 
being deposited in skeletal muscle cells. In the latter instance, the 
sarcolemma of some fibers was calcified before the cells had acquired 


- *me . 


po binned tian 


. 
Ces ‘ 
’ 


408 HASS, TRUEMEART, TAYLOR, AND STUMPE 


Skeletal and Hemetopoie' Systems - | E423 


The dominance of this disease in many tissues concerned with mo. 
tion is ‘ell illustrated by the remarkable changes which occurred in 
the skeletal system.'*"* The first effects occurred early and were 


" ., Characterized-by a resorption of bone, a decrease in the prominence of 


osteoblasts, and an increased prominence of osteoclasts (Fig. 9). These 
changes were more conspicuous in cortical than trabecular structures, 
A significant amount of pathologic calcification of the viscera did not 
occur unless these alterations were demonstrable. The development of 
abnormal calcium deposits in the viscera was also accompanied or 
followed by abnormal basophilic deposits of osteoid tissue in the skele. 
ton. These deposits occurred not only in locations notable for the 
degree of osseous resorption but also in the bone marrow, along the 
margins of persistent trabecular and cortical bone (Fig. 10). Though 
there was some Jocal increase in stroma which either preceded or 
accompanied the abnormal massive osteoid deposits, any close resem- 
blance to normal sequences of osteoblastic orientation, osteoid produc. 
- tion or calcium deposition was lacking. The osteoid tissue seemed to 
- engulf old stroma, reticulum cells and other structures in a Spreading 
wave beginning at the margin of pre-existing bone and progressively 
obliterated the adjacent bone marrow. When this process ceased, the 
customary form of normal eosinophilic osteoid tissue with incorporated 
osteocytes began to appear as local islands in the midst of the wide- 
spread basophilic osteoid deposits. This indicated onset of repair and, 
with passage of time, the deposits were largely replaced by new bone. 
There resulted an osteosclerosis characterized by excessive reforma- 
tion of bone along Jines which did not reproduce the initlal or normal 
pattern of bone growth..The final result was a deformed skeletal struc- 
ture, usually with a porous cortex. This was accompanied by a thick 
layer of periosteal new bone, especially excessive at the margins of 
some articular surfaces, and an excess of trabecular bone which had 
encroached upon an abnormal bone marrow (Fig. 10). Asa rule, the 
response of the bone marrow to calcification and osteogenesis was fairly 
consistent in the areas which remained free from fibrosis, The marrow 
which had not been replaced by fibrous tissue, abnormal osteoid tissue, 
or new bone, was depleted of fat cells and was densely cellular, Hema- 
topoictic elements varied considerably in their relative Proportions 
and stzges of maturation in cifferent animals. The commonest abnor- 
malities were maturation arrest and diminished numbers of mega- 
karyocytes associated with an increase of cells resembling megaloblasts 
or plasma cells. Conspicuous cytologic changes in the marrow were 
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usually accompanied by calcification of the media of blood vessels 
which appeared to belong to the arterial system. As yet, no connection 
between the changes in hematc poietic elements and the severity of the 
disorder in other parts of the body has been established though a corre- 
lation with gastric disease is strongly suspected. : 
The spleen was usually not severely disturbed. The earliest deposits 

of calcium occurred in the interiors of the septa. Here, fibroelastic 
tissue and smooth muscle were electively calcified, but the bulk of the 
calcium was deposited in collagen. There was no consistent evidence of 
any inflammatory or degenerative change prior to calcification, although 
collagen fibrils often were swollen and irregular in outline. In some 
instances the arterial system was more heavily caicified than the trae 
becular structure, Here, the main splenic artery and its major branches 
regularly showed calcification with fragmentation of the internal elastic 
membrane overlying foci of medial calcium deposition, Fibrous intimal 
proliferation was seldom conspicuous ‘but, when fourd, always was © 
superimposed on degeneration of the vascular wall. As the splenic 
arterial branches entered the spleen and decreased pvogressively in- 
diameter, transmural calcification became increasingly conspicuous so 
that the walls of many follicular arterioles were uniformly calcified, 
Nor did the impregnation of vascular structure cease here, for ix some 

-.. cases it continued into the walls of the sinusoids and outlined the 

_ reticular framewor% of lymphoid follicles. 


Endocrine and Other Glands 


The principal calcium deposits in endocrine glands were in the ©. 
thyroid and thymus. In the thyroid the small arteries were usually _ f 
severely affected in animals with advanced generalized disease. The 
vascular process was associated with atruphic changes in glandular 
epithelium and diminution in the amount of colloid. This in turn was 
related to variable calcium deposits in basement membranes of follicles 
and interfollicular stroma. 

The thymus gland showed conspicuous atrophy in severely diseased 
malnourished animals. Calciun. *eposits were restricted principally to 
Hassall’s corpuscles although occasionally there were deposits in the 
media of small arteries and arterioles. 

The pituitary never contained calcium deposits. There were unex- 
plained variations in the ratios of cell types in the anterior lobe. The 
parathyroid glands were normal in size and ia histologic characteristics. 
The adrenal glands were resistant to calcification with deposits occure 

' ring oniy in the most severe cases. These appcared only in occasional 
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' swollen endothelial cells of the vascular sinuses in the cortex. Large 
vessels were spared. 

The testes were seldom affected, except insofar as the illness led to 
reduced spermatogenesis. There were occasional calcified concretions 
in tubules and insignificant calcium deposits in the media of large 
arterics leading to the testis; these were minor late manifestations of 
severe gencralized disease, ’ 

Other glandular structures had thelr individual changes. The liver 
was never affected, even though the arterial branches at the hilus 
showed the same types of calcium deposition as other branches of the 
celiac axis. Intrahepatic vessels were free from lesions, 

The large branches of the splenic artery to the pancreas were af- 
fected to about the same extent as the arteries to the spleen. The vas- 

ular changes decreased with diminishing size of the arteries so that fn 

contrast to splenic arterioles the arterioles in the pancreas were usually 

‘ normal. In occasional lobules of the pancreas of severely affected ank 

mals, the process extended into the arterioles, and the extension was 

accompanied by atrophy of acinar cells with calcification of the deli- 

cate basement membranes of glands. The pancreatic islets were not 
affected. : 

The arteries and arterioles supplying the submaxillary glands were 
among the most susceptible peripheral vascular structures, The walls 
Of these vessels were often densely calcified. The process varied from 
one lobule to another, Accompanying the most severe arteriolar lesions, 
there was a tendency for other degenerative and calcific changes to 
occur; these were epithelial atrophy, calcification of inspissated secre- 
tion in the acini of glands or smal! ducts, and heavy impregnation of 
basement membranes with calcium. The sequence of these changes was 
not clearly defined, but the evidence indicated that vascular and epi- 
thelial changes preceded changes in the intervening stroma. 


—_—— <— ~<a 
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Central Nervous System and Eye 


‘The eye was regularly spared except for small deposits of calcium in 
the sclera. This comment excludes any consideration of the lens be 
cause it was not examined microscopically. Retinal arteries were never 
calcified. 

There were no deposits of calcium in the brain or spinal cord, This 
was a consistent observation and applied to all structures ordinarily - 
associated anatomically with the brain and spinal cord. The level to 
which calcified deposits in the carotid, vertebral and spinal arteries ex- 
tended from their points of origin has not been dete:mined, but no 

"vascular alteration bas yet been found in the intracranial or intraspinal 
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divisions of these vessels, Furthermore, the vascular system within the 
confines of the pia mater and gray or white matter was always spared 
from calcification even around foci indicative of chronic intercurrent 
meningo-encephalitis which was encountered in a few animals of our 
—i Skin and Adipose Tissue is 
The skin showed changes which need not be described in detail, - 
Beneath the epithelium and at a slightly deeper level in the corium, the 
lesions resembled those occurring in fibroelastic tissues elsewhere. In 
connection with these alterations in their advanced form, there was 
mild calcification of the tributary arteriolar and precapillary walls. - 
Other histologic features resembled the early modifications in human 
cutaneous fibroclastic tissue designated “senile elastosis.” In the 
deeper tissues, lesions were insignificant except where short stretches 
of fascia were lightly calcified and where skeletal muscle showed de- 
gencration of the type described elsewhere. “ : 
Adipose tissue in most locations was unaffected by the disorder. 
However, in the retroperitoneal tissues, especially around the larger 
arteries and adrenals, severe atrophy of fat cells was encountered, 
usually accompanied by a deposition of calcium. The principal de- 
posits were either adjacent to or in the cytoplasmic membranes of fat : 
-cells. No massive deposits were encountered in the interior of fat cells. © 


Discussion 


A major problem in analysis of the pathogenesis of many generalized 
diseases is an inability to explain the vagaries of distribution of the 
anatomic or functional manifestations. In one patient the manifesta- 
tions of a disease may be Feferable to a single system or some part 
thereof. In another, the manifestations of the same disease may be. 
referable to more than one system or more than one part of any system, 
In still others, the manifestations may be dissociated so that the ex- 
pected quantitative relations between the anatomic and functional 
changes are not found. Concepts which guide thinking in these matters 
have no solid foundation in structural or functional pathology. 

It was our belief that an experimental study of an easily controlled 
metabolic derangement which produced widespread structural changes 
of a simple degenerative nature rather than a complex inflammatory 
reaction might Jead to formulation of more suitable concepts.’* Wol- 
bach demonstrated with well-planned ‘experiments and great interpre- 
Uve insight that the use of deficiencies and excesses of vitamins was an 
elegant method for approaching problems of this kind2“* After sur- 
Veying this subject, it was decided that a systematic experimental 


ee 


= ee 
gaan 


ee See 
age Serer ns og yemmere aie 


a 
~. 
~~ 


a 
* 


ae 


Ee tan ad | 


a 


aeeieeninn tmatdie hae ailemes- tee ads atindnhen ate t 
i | pare ~ ergo ee ere E 
, . 
* 


ee. 


oe 


ee - ‘ 


owe 
‘sgemmeees 


Py ia 


ere. 


an 


4i2 HASS, TRUEHEART, TAYLOR, AND STUMPE : ram 


study of hypervitaminosis D might be helpful for our purposes, and 
that this eventually might be compared with experimental hyperpara- 
- thyroidism,?21.23 ai cis 

The widespread changes disclosed by this study may be summarized 
as follows. First, degenerative changes with calcium deposition ac. 
curred in many organs and tissues. Second, the pattern of distribution 
of the degenerative changes was not specifically related to any common 
physical, chemical, or other characteristic of the affected elementary 
tissues or their combinations, Third, the sequences in development of 
these changes were not the same everywhere but were determined tr 
part by unknown factors characteristic of the affected organ or tissue, 
Finally, the pattern and Sequences of degeneration occurred in a ree 
producible fashion which could not have beer predicted from a knowl. 
edge of factors which ordinarily determine the local characteristics of 
generalized disease processes.4 ‘ a 

The widespread distribution of pathologic changes was largely de 
pendent upon the amount of irradiated ergosterol given, the interval 
between doses, and the “uration of the experiment. The data indicated 
that a sufficient quanti» ©) the vitamin would produce minima] changes 
if it were given in a sing!e dose or in a series of small dally doses over 
& period of several days. Maximal subacute changes due to the same 
quantity of the vitamin occurred when it was given in equal divided 

- doses at intervals of 2 or 3 days. The best regime for obtaining maxi- 

: mal, chronic, slowly progressive changes has not been established, but 
good results followed the interposition of prolonged rest periods bee 

. tween brief dosage schedules designed to produce bursts of maxirhal 
active changes. : 

The pattern.of distribution of pathologic alterations was constant 
under a given regime but varied somewhat with variation of the experi- 
mental conditions. In general, however, the earliest evidence of degen- 
eration appeared in a particular location in each affected tissue or 
organ. Then, the process spread to involve other tissues or the same 
tissue in a succession of locations, each of which was resistant to 
change until the antecedent pattern of degeneration was set. Each 
affected type of tissue in each affected location in each affecied organ 
had a definite level of susceptibility to the degenerative changes, This 

- Curious order of susceptibility to degeneration with calcification led to 
the conclusion that cach type of cell or tissue in a functionally inte- 
grated system had a characteristic degeneration-caicification potential 
and that the level of the potential varied among different integrated sys- 
tems. Hence, the succession of tissue alterations might be regarded as 
a result of the operation of four mechanisms. The first mechanism 


“. ote 
- 3 . va 
9 sae + eter eee Rew nage tO 


* 
- 


-- 


rg aie 4 
es 
ef 
a 
ey 
; 
ar} 
ee 
‘ yy ‘ 
* 


on 


£ 


Wine ee ee 


. 
coat | ne 
-— Ws 
SE mer ee = a ee eee el ETT ETN IP A ee 
. . 


on ea ae y 


e 


ee 


ger" 


s 
< 


PI | . 
~ So Se ee ere 


= 
— 


’ 


eat 
— 


’ 


’ 


an yor 7 Ee 
e . o. 


May-June, 3958 = EXPERIMENTAL HYPERVITAMINOSIS D oo 


raised the calcification potential of the tissue. ‘The second rafsed the . 
calcifying potential of the environmental fluids. The third was con- 
cerned with adaptation, and the fourth with restoration. 

It is generally accepted that the best way to Increase the calcifica 
tion potential of a cell or tissue which does not normally calcify is to 
reduce its viability without bringing about rapid structural disintegra- 
tion? In the present experiments, it was clear that there was a reduc- 


tion in viability of certain cells and stromal elements. It was not clear / : 


whether the reduction preceded or followed the deposition of calcium 
salts." If reduction in viability preceded calcification, there was at this 
stage little evidence of customary findings of lessened viability. In 


" other words, the earliest evidence of modification of stroma or cells did 


not definitely precede evidence of calcification in many locations. 
Furthermore, in mos‘ pathologic conditions, the reduction of viability 
of stroma and cells ordinarily initiates a sequence of inflammatory and 
regenerative reacticr. before calcium deposition becomes conspicuous, 
In the present study, this was not encountered as an early reaction in 


. any location, except perhaps in certain muscular tissues, and then only 


in connection either with intolerably high dosage or intercurrent infec 
tion, However, under these conditions, conspicuous inflammatory 


-. Feactions did not occur prior to degenerative calcifying changes, and 


the reactions were restricted principally to the arterial. systems in 
cardiac and skeletal muscle. Usually, the reactions were conSned to 
the media and adventitia of arteries, but in the severe cases there was 
& spread into neighboring muscle, The distribution of the inflammatory 
reaction, when it occurred, coincided with the distribution of the de- 
generative calcifying changes which developed without signs of in- ~ 
flammation in muscle of othcr experimental animals. From this it may 
be inferred that some factor increased the degeneration-calcification 
potential in all instances, but an inflammatory reaction was not elicited 
except when it was excessive or when other factors, perhaps related to 
intercurrent infection, were introduced. In any event we must admit, 
the possibility of a more complex f21m of local tissue potential which 
might be called an inflammaiion-degeneration-calcification potential, 
Thus, under the same systemic conditions local factors may induce 
Various combinations of inflammation, degeneration and calcification 
to occur at the same time in different organs or in the same tissue types 
in different organs. renew 

The second mechanism seemed to be related to the composition of 
oxygenated or arterial blood and to special units of tissue integrated 
together in the performance of some particular function. For instance, 
emphasis has often been place:; wpon the deposition of calcium tn us. 
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sues concerned with acid secretion.®*"! The explanation has been Ping i 
__ the secretion of acid led to a loca} alkalosis which in turn enhanced the 
likelihood of local precipitation of calcium phosphate and carbonate, 
Inasmuch as arterial blood is ordinarily more alkaline than venous 
blood, the view may be taken that tizough diffusion, systemic arterig} 
walls may be more alkaline than venous walls, the reverse being true in 
the pulmonary system. The view may also be taken that the alkalinity 
of oxygenated systemic arterial blood decreases progressively with in. 
creasing distance from the alveolar capillaries and venvies, Hence, if 
the interstitial Juids of the vascular wal! reflect the local alkalinity of 
the blood, ‘the deposition of calcium and associated degenerative 
changes of constituent tissues might be expected to fall off Progressively 
in the direction of flow of the arterial blood. The nderoscopic observa. 
tions disclosed that this was not always so. In a further analysis of 
this matter, the lung, kidney and s‘ omach may be considered separately 
as the three principal acid-secreting organs, 

Theoretically, it might be predicted that the region of maximal 
alkalinity in the lung would de in connection with the blood in the 
postalveolar pulnionary venuics, and that maximal degenerative calci- 
fying changes would occur in the walls of these vessels, In general, 
this was the case (Fig. 4). There were negligible lesions in the pulmo- 
nary arterial system, and the conspicuous changes were initially found 
in the walls of interalveolar capillaries and adjacent interalveolar 
stroma, Later, the venules ar.J small pulmonary veins were affected. 
Insofar as the respiratory passages are concerned, if we accept free 
diffusion of gases into tissues, the level of maximum alkalinity would 
be in the upper trachea (Fig. 3). Hence, it might be predicted that the 
changes would be more conspicucus here than in the terminal bronchi. 
In general, this was found. The tracheal structures showed the earliest 
changes, and as a rule calcification along the respiratory passages 
decreased progressively in identical tissue types in identical locations 
with increasing distance from the larynx. In a consideration of this 
rule, however, other factors have to be considered. First, the lesions 
around the circumference of any respiratory passage were not uniform 
at a given level. The earliest changes were either in goblet cells of the 
epithelium or in the subjacent stroma. With increasing time and 
severity of the disease, the changes spread circumferentially and also 
{a @ very specific way in depth. The circumferential spread finally led 
to involvement of the entire basement membrane zone and an increas 
ing span of epithelium. The spread in depth tended to skip the loose 
collagenous tissues of the mucosa and to appcar in the walls of mucosa! 
vessels nearest the subepithelial zone of calcification, the smooth 
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muscle in the neighborhood, and the part of bronchial cartilages con- 
tiguous to the maximal mucosal changes. Thus, it seemed that the dis- 
tribution, the sequences, and the magnitude of lesions were determined 
by the operation of local influences, as follows: alkalinity of environ- 
mental gases and fluids, type of tissue, type of cell, and the locally 
integrated functions of susceptible types of tissues or cells. 

An analysis of alterations in the stomach may also be attempted in 
terms of relative alkalinity of parts of an acid-secreting organ. One 
might postulate that maximal alkalinity would be in relation to the 
venous blood flowing from the acid-secreting mucosa and that maximal 
calcification would occur in the tissues supporting the acid-secreting 
glands and in the walls of vessels leading from these tissues; This was 
not found even though, when mucosal changes did occur, they were 
restricted to the acid-secreting mucosa and Yo the tunica propria ot’ 
cells of glands responsible for this function. Such changes, however, 
were inconspicuous in the early stages and often followed the develop- 
ment of prominent chenges in the walls of arteries, the tunica muscu- _ 
leris, and muscularis mucosae (Fig. 5). Veins or venules were seldom | 
affected. It might be assumed, therefore, that if relative alkalinity 
governed the distribution of the lesions in the stomach, it would have 
-~ to operate -:: a curious way throughout the gastric wall. Consequently, 
_ it seemed that an inquiry should be made into the role of locally inte- 
grated functions of susceptible types of tissues or cells. It was apparent 
that the calcification was not a disorder of the acid-secreting gastric 
mucosa alone but 2 disturbance of the full thickness of the gastric wall 
Concerned with acid secretion. For present purposes, the acid-secret- 
ing part of the stomach should be considered transmuzally as a fune- 
tional unit, separate and distinct, pathologically, from the remainder 
of the stomach. We have no explanation as to why the arterial system, 
the tunica muscularis, the muscularis mucosae and, to a lesser degree, 
the mucosa of only this part of the stomach were so severcly affected 
by this degenerative calcifying disease. It offered a puzzling example 
of localization of pathologic changes in all susceptible tissue types in a 
functionally integrated System in a special location. The remainder of 
the intestinal tract offered other problems in this connection; namely, 
the variable pattern of involvement of the tunica muscularis at differ- 
tit levels, the variable resistance of different mucosal types to the 
disorder, and the restriction of severe arteriolar disease to the duodenal 
and, toa lesser extent, colonic segment of the intestinal tract. 

Changes of the type found in the kidney have also been attributed 
0 a local alkalosis, secondary to secretion of acids by the kidney,!¢#2 

It might be predicted therefcre that changes would occur in that part 
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of the kidney just distal to the postabsorptive tubulovascular structure 
or in some special region concerned with selective absorption of alks. 
line elements or selective secretion of acidic elements. Actually, the 
earliest alterations occurred in the cells of the proximal convoluted 
tubules, soon thereafter in the basement membranes of these tu 

and somewhat later in the arterial supply to the affected nephrog 
rather than the venous return from the nephron (Fig. 7). Thereafter, 
the arterial tree was usually progressively involved with fncreasing 
severity (Figs. 8, 15). It was concluded that within the limits of 
present knowledge of rena! function, other factors then local alkalinity 
determined the distribution and sequence of the changes. As in the 
ins ‘ance of the lungs and stomach, these factors were concerned with 
the interrelationships between susceptible tissue types in a fun 
integrated system in a given location. The spread of changes in the 
kidney demonstrated this very well. In the early stages only a scatter. 
ing of total nephrons as complete units showed lesions, but these were 
the nephrons with short arterial connections close to the medullo- 
cortical junction. As more lesions developed, the intervening nephrons 
with similar arterial connections were affected. With increasing time 
and severity of the disease, there was a spread of the changes dista'ly 
toward the capsule, but seldom did the animal live long enouzh to 
show much alteration in the nephrons of the peripheral third cf the 


_ Cortex. As cortical spread developed, there was a similar spread of 


changes in an ever-broadening medullary zone within which the medul- 
lary loops of the successively affected nephrons were presumably lo 
cated. These sequences are presumably related to the distribution of 
functional load rather than of a specific secretory function among a 


__ system of nephrons. 


The preceding comments have touched upon local factors such as 


- alkalinity, type of tissue, type of cell and locally integrated functions 


of susceptible tissues or cells. Muscle cells were among the least 
resistant, the order of decreasing susceptibility being smooth, cardiac, 
and skeletal muscle, Furthermore, the most readily affected compo 
nent of these cells was the <untractile protein, especially the “A” disk. 
Among the stromal clements, the severest lesions appeared in elastic 
tissue, basement membranes, the matrix of cartilage and the sarcolem- 
mal investiture of muscle cells. Cellular and stromal elements were not 
equally susceptible in all locations. Hence, the c-velopment of this 
systemic metabolic disorder did not result in a generalized modification 
of a given element, and this js analagous to the effects of certain 
“toxins.”* On the contrary, it led to conspicuous modifications of 
these clements in specific locations without changes in identical struc- 
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tures in other locations. The extent to which this selectivity may be 
attributed to unrecognized differences in elements assumed to be iden- 
tical, remains an intriguing problem. Certainly there are good reasons 
for believing that the composition of structures such as smooth muscle 
cells, collagen, elastic tissue, basement membranes and cartilaginous 
matrices is not the same everywhere. By the same token, the func- 
tional burden to which these clements are subjected is not the same 
everywhere. - Re 
The third mechanism was concerned with adaptation. Threc adap- 
tive activities deserve mention: the intimal proliferative reactions in 
arteries; the excessive production of utypical osteoid matrix following 
extensive resorption of bone; and the regression of the disease despite 
continuation of the same dosage regime which produced it. The dis- 
cussion of these and other less obvious adaptive reactions awaits the 
completion of more prolonged experiments. 

The fourth mechanism was concerned with restoration, principally 
the resorption or elimination of abnormal mineralized tissue, and the 
regeneration of tissues to replace those attacked by the disease. The 
salient feature of this mechanism was its indolence. In the respiratory 
mucosa, desquamation of calcified goblet cells and regeneration of basal 
cells tu replace them wese sluggish processes. At Limes, the regene:a- 

" tive sequences took a metaplastic trend so that the degenerated epithe- 

~ jial layer was replaced by one or more layers of stratified squamous 

epithelium. \herever this occurred, there were local defects in the 

basement membrane and chronic inflammation in the subjacent mucosa. 

The mineralized basement membranes also tended to persist, being 

very slowly resorbed (Fig. 3). With increasing mineralization, there 

- was increased fragility of these structures. Fractures developed and 

- discontinuities thereby created seemed to stimulate local proliferation 

and accumulation of histiocytes. These commonly formed multizu- 

_ Cleated giant cells which slowly resorbed the mineralized stromal struc- 

ture, often encapsulating it completely. As this proceeded, the 

_ ‘Mineralized basement membrane scemed to migrate to a deeper level, 

and a regenerated stromal support appeared as a new structure between 

it and the respiratory epithelium. Similar mechanisms of encapsula- 

tion and resorption were encountered as far distally as the alveolar 

ducts but were seldom detected in connection with the calcified com- 

Ponents of alveolar walls or pulmonary vascular channels, Alveolar 

Walls seemed to break down spontaneously with the production of 
¢mphysema, but it was not clear that these mechanisms participated in - 

_ the rupture (Fig. 4). ‘ 
The behavior of the mesenchyme adjacent to abnormally mineralized 
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cartilages along respiratory passages was also interesting. Intense 
mineralization was usually conspicuous on the mucosal side of the 
cartilage. The per‘chondrium became less distinct, and the margin of 
the calcified matrix acquired a moth-eaten appearance. Capillaries 
oceasionally invaded the marginal lacunae, and in some instances 

was active formation of new cartilaginous matrix by Proviferating 
chondrocytes. These activities resembled those which norrnally occur 


* at provisional zones of endochondral bone formation. The overa!! re. 


sult here, however, was the slow resorption of the heavily calcified 
bronchial and tracheal cartilages without osteogenesis. 

Resorption and regeneration were still more sluggish in the kidney, 
Calcified tubulovascular components of the nephron seemed to endure 
without resorption or regeneration fc: at least several weeks. Evidence 
of regeneration o: tubular epithelial cells of affected nephrons, com- 


*-pensatory hyperplasia of tubules of spared nephrons, interstitial 


fibrosis, inflammation, arteritis, glomerulosclerosis or other tesponses 
were never significant. The principal reaction occurred in the pre- 
cortical and large cortical arteries. Here, thers was intimal prolifera- 
tion, excited less by degeizration and calcification of the media thos. 


_. by discontinuities due to fractures of calcified internal elastic men- 


branes (Fig. 15). Whatever lesser reactions occurred in the subepi- 
thelial stroma of the renal pelvis were similar in most respects to those 
described in connection with the basement membranes of the respira- 
tory tract. 

Resorption and regeneration in relation to the acid-secreting part of 
the gastric wall were also very sluggish. The mucosal structures were 


' not very responsive to the degenerative changes. The intimal reactions 


in the arterial tree were more active than in other organ systems, and 
the proliferative reactions also extended further into the smaller 
arterioles. The muscularis mucosae and the tunice muscularis showed 
the most conspicuous evidence of resorption and regeneration. In 
both locations, the degenerated ca'cified smooth muscle and interven- 
ing stroma often stimulated local histiocytic and giant cell reactions. 
These cells assisted in the resorptive process. Also, at times, there 
were many large pale elongated immature elements which appeared to 


‘be regenerating smooth muscle cells. In no case, however, was there 


significant leukocytic ‘infiltration, local vaseularizing reaction of 
fibrosis. : 

The complexities of resorption and regeneration in the skeletal sys- 
tem were difficult to interpret. Initially, the resorption of bone as 
accelerated, the number of osteoclasts was increased, and the number 
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of osteoblasts was decreased (Fig. 9). A‘curious proliferative process 
followed, resulting in the formation of a ’arge amount of abnormal 
osteoid maizix bencath the periosteum and in th. marrow around the 
residual cortical and trabecular bone (Fis. 10).'*"* Though this 
matrix may be called “osteoid,” it was more fibrillar, less homogeneous 
and much more heavily stained with hematoxylin than normal osteoid 
tissue. Furthermore, there was no relation between the voluminous 
deposits of matrix and any particular array of cells which resembled 
or.eoblasts. The tissue looked more like collagen which had as much 
affinity for hematoxylin as any of the extra-ossesus celcified stromal or 
cellular elements. With onset of repair, normal eosinophilic osteoid 
tissue and bone appeared in the midst of this voluminous basophilic 
fibrillary material which was resorbed, It was conspicuous only when 
extra-osseous calcium deposition bad essentially ceased or in the period 
following termination of ergostero) administration. The prompt and 
rapid formation of bone was more pronounced in connection with the 
peritrabecular matrix and in the subperiosteal regions adjacent to the 
margins of articular cartilages. This led to a deformed osseous frame- 
work with depleted porous cortical bone, an excess of periosteal new 
"bone, an excess of endosteal bone, and a coarse dense trabecular struc- 
ture displacing the marrow. ‘Ihe final result had some resemblance to’ 
__ osteosclerosis of a pagetoid type with myelofibrosis (Fig. 10). The 
” development of atypical hematopoietic elements as these changes ene __ 
creached upon the bone marrow is beyond the limits of this discussion. ° . 
Finally, it was clear that a moderate dosage regime was most effec- ; 
live in the first few weeks. As the regime was continued, the expect:d 
progression of pathologic changes failed to occur, and evidence of the 
disease slowly disappeared. This was attributed to the activation of 
obscure mechanisms which provided increasing tolerance, resistance 
or immunity to the action of excessive vitamin D. In the light of cer- 
tain degenerative calcifying human diseases, an inquiry into the nature 
of these adaptive and restorative mechanisms would seem to be of fizst 
importance. ie 
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_ Summary 


A micioseopic study of the evolution of hypervitaminosis D in rab- 
bits disclosed generalized pathologic sequences which were due to 
Partly reversible inflammatory, degenerative and mineralizing proc- 
tsses, The participation of these processes in the pathogenesis of the 
disease in a given location was governed principally by the Jevel and 
duration of dosage with the vitamin, Administration of the vitamin in 
€mounts just sufficient to produce pathc'ogic changes in 2 or 3 weeks : 
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led to mineralization of certain tissues which do not normally ealcify, 


Under these conditions the deposition of calcium occurred without. 
significant preliminary local structural modifications attributable to 


inflammatory or degenerative processes. When somewhat larger doses 


of the vitamin were used, abnormal mineralization of tissues was often 
preceded and accompanied by structural changes of & degenerative 


| _ type. In order to excite significant early inflammatory reactions, still 


larger doses of the vitamin and perhaps other factors were required, 
These reactions occurred only in cardiac and skeletal muscle. They 
were localized to the walls of arteries, periarterial tissues and adjacent 
muscle, in which there were signs of progression of degeneration and 
mineralization. aa 

Studies of restorative phases of the disorder disclosed evidence of 


_ reversibility and resistance to progression of these processes. The in- 


flammatory reactions in muscle subsided, and mild indolent reparative 
reactions appeared in many degenerated mineralized tissues. Further- 
_..ore, additiona’ degenerative changes seemed to progress very slowly, 
if at all, while, at least in some locations, the process of mineraiizatica 
was slowly reversed even though the dosage was maintained. The re- 


-wersal was characterized by the resorption of abnormally calcifed 


matrices. At times, this occurred spontaneously, but a3 a rule ths 
resorption was associated either with mobilization of macrophages and 
giant cells or penetration of the calcium deposits by vascularized 
stroma. The signs of reversal were usually preceded or accompanied 
by resumption of osteogenesis in the abnormal osteoid matrices in bone. 

The vame type of tissue or cell in different locations was not equally 
affected by the inflammatory-degenerative-mineralization mechanisms, 
presumably because of a difference not only in the composition of tissue 
gases and fluids from place to place but also in the susceptibility of 8 
particular tissue in different locations. The latter was governed pri- 
marily by participation of a cell or tissue in a functionally integrated 
and spatially related system which had in one or more of its parts 3 
high calcification potential. ' 

The designation of function as adding to or detracting from the n- 
flammatory-degenerative-calcification potential of a given structure 
led to a better understanding of patterns of the disease, especially is 
the respiratory tract, kidney, stomach, muscles and arteries. It may 
also assist in the future analysis of the reasons for the resemblance 


“ hetween certain structural changes in this experimental disease and 


those encountered in some presumably unrelated human disorders 
which are indolent, fundamentally degenerative, and ordinarily “t 
tributed to ill-defined metabolic derangements of advancing #g¢- 


ene. 


Among these, _ osteoporosis, hypertrophic ini attained 
emphysema and arteriosclerosis deserve more than fieeting considera. - 
eee 


pot imply identity of pathogenesis. ‘ 
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“. LEGENDS FOR FIGURES . *- 
Frs.1. Multiple,. focal, inflammatory-degenerative-caleification 
myocardium of a rabbit given 600,000 units of viosterel ‘a3 
flammatory reaction is located principally in and around the 
arteries and arterioles which in turn are surrounded by cardiac muscle i 
degeneration with early calcification. Hematoxylin end eosia stain. X se0. 


Pro. 2. Massive calcification ef cardiac muscle ip a rabbit 
viosterol in 7 weeks, The dcgenerated calcified m 
transverse fractures through which proliferating stromal 

¢ isolated calcified fragments of cells have un 
* There is no inflammatory reaction. Hematoxylin 


Fi. 3. The tracheal mucosa of a rabbit Given 1,200,000 units of viosters! is 7 

weeks. Intta-epithelial calcification is in the form of concentrically laminated 

, Pseudoeryslals which seem to develop exclusively in the goblet cells. The sud 

epithelial calcification is concentrated in the darkly stained fragmented base 

ment membrane, Note the absence of inflammation. Hematorylin and eosis 
stain. X soo. : , . 


Fro. 4. A peripheral field 
in 6 weeks. Hemato 
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Fic. 5. A cross-section of the wall of d part of the stomach concemed with secre 


tion of hydrochloric acid. The rabbit from which this section was made wis 
given 1,600.000 units of viosterol in 14 weeks. Hematoxylin has an afinity 
for calcified tissues, shown as irregular smal! dark areas in the mucosa, in the 
walls of submucosa! arteries, in the bundles of smooth muscle of the inner 
half of the twnica muscularis and in the wall of a small serosa! gastric artery. 


- Hematoxylin and eosin stain. X 40. , ‘ 


Fia.6. A high-power photomicrograph of one of the small darkly stained calcified 


Sacer 


areas in the tunica muscularis of the wall of the stomach shown in Figure g. 
showing degenerated smooth muscle cells in the midst of granules and fi'aments 
of calcified protoplasm demonstrated by its strong affinity 1 or hematrxyiia, 
The small calcified granules are in the cytoplasm of the muscle cells. The 
tortuous calcified filaments are external to smooth muscle cells and seem to con- 
sist largely of interstitial fibrous or reticular elements. Hematoxylin and ecsia 


stain. X 600. 
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Fic. 7. The cortez and medulla of a kidney from a rabbit given 1,000,000 units ef 

-  wiosterol in 5 weeks. Six weeks later the animal was sacrificed. The loss of 
norma! structura! detail is apparent in the inner half of the cortex and in a 
narrow transverse zore in the middle of the medulla. The srall dark spots 
represent calcified structures in these 2 locations, The intzzvening lightly 
stained areas which are more conspicuous in the cortez are places where pro- 
liferating connective tissue has replaced degencrated tubulovascular units of 
nephrons. This represents an early stage of resorption of mineralized tissue ~ 
with repair and regeneration. Inflammation is negligible in the kidney at all 
times during the development or regression of the disesec. Uewslvsylin and 
eosin stain. X 23. 


Fic. 8. A field in the inner third of the cortex of a kidney of a rabbit given 800.0c0 
units of viosterol in 4 weeks. This shows early calcification of glomerular 
structure with minimal associated alterations in tubular structure. The calcifed 
elements have an affinity for hematoxylin. There is a tendency for calcium to 
accumulate in isolated glomerular loops. In one glomerulus the accuraulatioa - 
is in continuity with the calcified wall of the arteriole entering the glomerulus. 
Hematoxylin and eosin stain. X 220. : 
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Fic.9. A longitudinal section of a rib from a rabbit given 1,200,000 units of 
viosterol in 4 weeks. showing widespread resorption of bone with conspicuous 
porosity of cortical bone, fibrosis of the marrow, and early subperiosteal de 
position of osteoid tissue. The changes are characteristic of the disorder be 
tween the third and fifth weeks. After about the fifth week, the changes 
illustrated in Figure 10 become increasingly dominant. Hematoxylin and eosin 
stain. X 60. 


Fie, 10. A longitudinal section of the vertebral column of a rabbit given 1,200,000 
units of viosterol in 12 weeks. The resorption of bone, typical of early stages 
of the disease (sce Fig. y), has led to partial collapse of a vertebral body 
which is at this later stage undergoing an osteosclerotic pagetoid change. This 
is characterized by excessive deposition of osteoid tissue which has a conspicw . 
ous dark coler due to its affinity for hematoxylin. Much of this sbnormal 
osteoid tissue has been converied to bone, producing a dense trabecular stru.- 
ture which has seriously encroached upon the marrow, Also, note the prolifera- 
tive changes which have produced “spurs” of new bone at the margins of the 
intervertebral disks. Hematoxylin and eosin stain. X 10. 
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.11. A cross-section of the wall of the thoracic aorta of a rabbit given 600,008 
units of viostero! in 2 weeks. The inner third of the elastic tissue framework, 
stained deeply with hematoxyliA, is uniformly impregnated with calcium. Note 
the absence of any inflammatory reaction though only a trace of residual cellu- 
lar structure remains between the calcified elastic lamellae. Hematoxylin and 
eosin stain. X 250. : 
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.32, A cross-section of ap iliac artery of a rabbit given 1,000,000 units of 
viosterol in 5 weeks. The segmental darkly stained areas represent subintima? 
bands of calcific deposits in the inner half of the media. These discontinuow 
deposits tend to spread in all directions until they occupy the entire media. 
Meanwhile, there is a reactive proliferation of the intima which in time tends. 
as shown, to be equal in thickness to the part of the subjacent media inact 
vated by calcificaticn Hematoxylin and eosin stain. X 30. 
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Fic. 13. A cross-section of a carotid artery of a rabbit given 1,000,000 units of t 
viostero! in 15 weeks. From the Jumen outwards 3 distinct zones are shown : 
They are of almost equal thickness. The inner zone is composed of proliferating 
fibrocellular intimal tissue. The middle zone, deeply stained with hematosyfis, 
is the inner half of the media which has been uniformly impregnated wih 
calcium. The outermost zone is the external half of the media which bas bees 
unaflected by the disease. Hematoxylin and eosin stain. X 32. 


Fic. 14. A pancreatic artery of a rabbit given 1,600,000 units of viostero! is «. 
weeks, The darkly-stained material in the vascular wall is calcified tissue ¥i.i 
a strong affinity for hematoxylin. The deposits of calcium involve most of the 
internal elastic membrane and a modest amount of the media subjacent to the 
calcified parts of the internal clastic membrane. Three short stretches of 
the internal elastic membrane and ad‘icent media are normal. The bose 
textured fibrocellular tissue internal to the calcific deposits is prolifersicg 
intima. Note thal intimal proliferation did not oceur over the 3 stretches of 
internal elastic membrane which were unaffected by the calcific disease. Hema 
toxylin and eosin stain. X 225. 
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Fic. 15. A small artery and adjacent arteriole in the renal cortex of a rabbit given 
1,500,000 units of viosterol in 2 weeks. The walls of these vessels are heavily 
calcified as indicated by the strong affinity of the media for hematoxyia. 
Swollen intimal cells with their nuclei projected away from the calcified med 
toward the Jumen of the larger artery represent the earliest intimal reaction 
to degenerative calcifying medial disease. Hematoxylin and eosin stam. 
X 600. * : 
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Fid. 16. A tiny arterfole in skeletal muscle of ‘a rabbit given 1,200,000 units of 
viosterol in 7 weeks. The media of the arteriole, stained deeply with beta 
toxylin. is uniformly calcified. The swelling of the intima has reduced the sit 
of the lumen. In the adventitia there are a few inflammatory cells representing 
a mild form of periarteritis often found in cardiac and skeletad muscle of > 
bits dying of pneumonia during the course of a high-dosage viosterol rege. 
Hematoxylin and eosin stain. X 500. 
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given for a Jong period of lime misy couse a severe D hypervitaminosis. The individual - 
sensitivity of viismia D in chiicrea is quite difforent. Pertinent literature Cats presents 
a spreisi nesciogiesi entity in chiteren of esrty zre—the so-calied idiepstiie Aypereat- 
spation. One of the most frequent couses of this d:scase is the incividval eievstee sca 

fo vitzmia DD. Hence, when’ instituting vilamia D lrestimeat, Special aticntion 
sheztd $2 p2id to the cniid’s condition, and “pon cppesrance of the first symptoms of 
hypereaicination the seminisiration of vitomin D must be stopped. 
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: As is known, vitemin D is accumulated in the organism, and its evcese 
give and proloaged use may ceéuce toxic pacnonenae oa 


fne majority SOD ocean ig ee textbooks point out that _a_tozite dose 
of vitesia D ccecds y_cevercl hurared or & . thousand _tincs tee therepeuric 
fose try thst, 9s & conscouence; nyoervitcninosis Dis peactvicaliy never Ue 
Onserved. Bi ehtléren. “Because of observations mde in Vertu City Children's 


Clanie houpltel duvizg recent years, We cennos arse vith this ctatorsnt. 
Here is en crxermlee 


Kay R. is Uy months eld. Over a hemonth period, the mother admizis- 
tered to the child, because of the onset of rickets, e spiritucus solution 
of vitrzin D, in ull -- 7.5 million units, ov an average of 62,500 units 
Aaily, Cliniccl sysiotons of vituninosis appeared curing tae oir5 rontn, 
ester the child had been given, in the eczrecate, 6 million units of vita- 
nin D. ‘fae ehtid lost her eppevits end there Vere munifcstutions of constL« 
pation, apathy, ena @ pubfebrile condition. Fmesis wes rarely observed. 

Gac enlld-lost 2,100 grems of weight éuring the last two ronths. 


Before her admiscion to the hospital, the Little girl had been epa~- 
‘thetic, at times capricious. Nor head she wonted to play or stand. Noted 
was the couplets ebsence oF appetite intense constipation, exicosis (este 
koz), wausual skin dryacss, ara in the evenings a suofcorile temperature 
Fae Sultkovich urinc venetion wes clecrly positive; in th: plood serum, tac 
quantity of inozygonie caleiwa was 20 wélligrams “%. Tne erythrocyte scci~ 
rontatien reaction ranged from 10 to hl minlimeters por hour eccosdirg +0 
Pancnenio's movhoc. Coserved in the urine were traces of protein and the 
wsUAl wit lewsocytes; but at tines a large quentlvy of leukecytes were 
encountercé, as well os eryinvocytes jn AL Lably ougesnted view. ng fiche. 
Arteries proessun rose %0 13.0/95 millinosers on the wereury colvna. Foliove 
ing the discoatinuation of vitandn D, partiotogie eleascuts were osserved La 
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the uvine Yor a month, the amount of e:Ledun in the blood was ruised WJ the 
in 1.5 routas, subrebrile terjcrutuve continued Yor 2 months, and cn Lecele 
muted cxythrosyte sedimentation reaction was noved for 2.5 montis. : 

In this nonner, B wove ter: supe in the daily thereroutic 
Casane o2 vitamin Dover & vourenouta period cauccu a Crave case Os hyjtre 
Vituilnosis D in the child. 


' Accorcing to the duta of V. A. Vissov and V. K. Stolynrova, no con- 
section was Observed between tae quantity of intrcdauced vitamin D and intoxe 
dentioa pncnoizende ; : 
Appearing in recent years have beon datu on a epecicl nosologicel 
unit in young childrea, the so-called idiovathic hypereaulcenia (R. Light- 
wooi, Je Me Pe Dawson, and others; XK. G. Lowe und othors; D. G. Grecry and 
D, We Nedil and others; I. 0. Forfar and others). During this ilincss, 
-enilére: ere observed to be afflicted with hypercalcemia (12-20 millicrers 
%), although, at the same tine, the content of inorganic phosphetes end 
alkaline phosphatases an the biloot serun are normal. Tne elxuline reserves 
of the blood are usually nore) end tae content of cumndo globulins 1s 
jnereascc. Mony researchers have observed hypercholesterincita. Such 4 
condition has been noted in children curing the usual or & Borewnnt increased 
dose of vitoin.D. Tac hynsrcalecirioa syadrou2 43 clinically pronounced and, 
“therefore, the picture of the discese is cimilar to hypervitaminosis D. 
Daring grave forms of the discase, a child's visceral calcinosis muy be obe 
torved. Grave forms of this discase may either prove fatal or be overcox2 
(2a. Stxpleton). 


Darinz fro-callcd idLonethie hysercalcciiu, the resorption of calciun 
-in the intestine is increasea. Usuxlly 35% of the calciua in cow's rilk is 
evsorbed; waen vitamin Dis edministered, uo to 50% is ebsorved; erd with 
hypercelcemia, wo to 60% (HK. G. Morgan, ct ale). The reasons for the appeare 
ence of this discase arc not yet clenr. There is an opinion that one of the 
most frequent couses is an indivicual's increased sensitivity to viterza D, 
since the cdiinistratio: of this vitomin causes tho illness to worsen, cnd 
its discontinuation results in an irmrovecent. Contributing to the Csvelope 
went of idionathic hyrerceicemta is the ingestion of food with a larce cale 
cium content. PRecause of this, it is prirsriily cncountercd in noxorciust- 
fed intents, for the caleiun content of cow's rilk is 1.5 times higner taoan 
thet fron a mother's breast. Also contripucing to the dcevelopmensy of 
hynercaleemla is the use of food with alkaline surpluses and the applica- 
tion of medical preparations causing elkalization. 


Tne followinz observetions Cenonstrate how differently oa orgunisn 
can react to tre introcuction of vitanta D. 

Khel'¢i K. is six mouths old. The mother, on her own initiative, 
treated the child for « flourishing case of rickets with « buttery solutioa 
of viverin D over ea eronth pewiod -- in 211 2.5 milion units, or on avere 
use of £0,833 viaits deadly. Within 2.5 xontns, the infant beceme rostless — 
exd lost her epeotite. Wnis was followed by emesis end constipation. Dure 
ing tac last monta, she lost 00 wrams OF Weight. Tne Feuale inzart becans 
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torpld and hed & gvpfobrile vemperiture. PReginning on the infint's fourea 
month, Ghe Woo given o mixed Yeoding and at Fe) nonths, che Was uiveh G2 
arpitieiad Pcedins. 

When aamitted to the hocpitsl, she had the following sympcons: the 
infant wos torpia, Laughed ravely, und hud o cry exin; ti.csuc turgor Wus 
yoduecd; Tarst-cegree hypotrophy war prose:.4; there was a lack of cppertite; 
the tong: wis Couteds the ingesticn of ood was clmost ulways followed oy 
cn2sis; ond corstipatioa und a subscbrile condition were cuservzd. Tne Sulte, 
kovieh YeUctsOn Was positive; the evletima content of blovd serws wus 155 os 
miiligras,%. The exyeurocy & scajinentntloa reaction was 35 millimeters per 
hour. ‘se urise manizesved no pathologic: changes. Followlog tie discone - 
tlnuntion of vitena D, the ateiiuce of the infant graauclly began %o iurprove, 
ané her weigat jnereesed. Tac colelun content of vie plood yoturned to the 
normal Level within 8 month, end tho crythrocyte sedimentation reaction witaia 
tivo montas after the Giscontinuction of vitenin D. 

. . Me b 
Thus, & mere tvofold increase in the dose of vitumin PD over & forr= 
month perLoa caused a hypercalcenic condition in the child who was on & nixed 

fetding. : F 8 F 

Val'éeko Ke was ten months old. During the lust 4 months, because of 
e slight case of ricnets, the movncr ganinictercd regularly, twice cally, 2), 
Grops (12 arops each tira) of @ buttery colution of vitamin D (1.050 million 
units) arounting to 40,000 units deily. During the 4-monta period, the 
infent was given 2-25 Plusks of thc buttery solution of vitamin D, waica 
totaled 3-375 millioa units. Tne infant ranifested no clinical symptoms oz 
hypeiviteniuosis D. The caletun ecntent of Dlood serum Was 11.4 miwiigrens 
%@. Omy by roentgenogran wes 1% possible to opserve a more extensive calci- 
fication in the epiphysis of the tubuler bones. : 


In this cece, not even & tenfold increase in the dose of vitemin D 
overs a four-month period ceused clinical symptoms of hypervitaminosis to ap-= 
pear in the child. : 


Tne etove-rentioned 4llustravions denonastrete how differently tn organe- 
sem cen reect to the introduction of viturin D. This reaction depends, in 
all probedzlity, on the spcecizic characteristics of an orgunisn, the state 

of heigatened scasitivity or resistence of an organism. 


fhe literature and clinical Cate pr sented ebove chow that hypercal- 
cenic phenoxena may eppear even with the ediinistration of a low dose of 
viteuin.D. Waen 6 preventive or therapeutic treatront of rickets by viterin 
D results in a loss of appetite without any apparent ceuse end the eppearcnce 
of apathy and e loss of weight, it 4s 'essentiul to discontinue vitenin D 
dmercdiately. In eddition, it is necessary to determinc the celeiwa content 
of the biced and take a rocntycnocsen 02 the cphiphyses of the tubular concs. 


re treatment. oF hyocrvitaminosis D and so-called idiopathic hyporcale 
conse. mot ve ainzd e% regucing 4he hypercalecmia. Wo epply the ollowirs 
sansures.e Wo diamodlatcly Giscontinue the eaministration of viteuin D end 
caleiw: wreperations, 4s well as wWraviolct ruys. Food rust contain sr2l1 


euantities of eslehy: (less then 300 mhidigrems daily), wt sb the sume 
“tie the food rust eoutain surficlent culeries end urinal proveius 6o 
restore the patient's weight. It is best to feed nursing vubi.cs won’ Ss 
miik, the ealeiw: content of which is 2 WALL gras fh; in cows' milk, the 
calciws conteivs cscuats 40 315 midligrass 4, Or leh tints morce fo reduce 
the ealetiua coutoaixs of covs' ydls, the use of fon-exchenge resins 1s recone 
mended (Ye. N. Khotuiol, et oli; fe Ve Ferguson; &. K. McGoven; G. Anderson, 
et. alej Ke G. Morgan; Ta. Htiplevor, Cv. ole). Developed in our éepurtrent 
(Kn. Yue Kuus) at the present time has been a procedure for ootuining cows! 
milk, in waich the erlelia content has becn reduced by tnree to Zour tincs 
vie the spplicatioa oF a KU-1 resin. a ‘ 


Fooa sich in culeium shovid not ve eaten -- cheese, een yol:s, canned 
, fish, cavicr, beens, colored cabbage, spinach, and eluionds. Yor tae purposcs 
“of drinking and cooing, eistivied water is recoumended because ordinary 
water coateins gbout 5-20 milli croms f of calcein. Tae abundent quantity of 
food is prescribed Lor the paticnt so as to avert the development of nephro- 
calciouocise - 


Recoumended to reduce ecleiun absorotion is the use of cortisone (Ta. 
Stapleton, H. G- Morgan), waich, in opposition to the action of vitarin D, 
‘nbidits the absorption of celciwa into the intestine. Yor improving the 
exchanze Of swoevenccs, 4% is recostrendcd that the patient be Ldrinisterca 
an adequate emount of vitamin exchange swostances (vitemins'A,, By, Bo, PP). 
In preseribing vitemin D for chiléren, a physicicen is obligated to 

prescribe the precise dose for the course of trectrent end varn the parcats 
of the harz. consequences of excceding “ais dcsaye. For a precise dose, 
St is also neccessary, during the writing of the ,cescripvion for vitarin D, 
to order a pipct. a 


Lurge doses of vitemin A inhibit, the evelopment of hypervitaminosis 
D (8. N. Metsko); therefore, wacn treating rickets, 1% is expedient to apply 
sirultanccusly, along with lerge Goses of vitemin D, vitemin A in the amounts 
of 5,000 to 10,000 units daily (Yo. Me lepoky). | 


CONCLUELONS 
1. The phenomena of hyperviteminosis D may develop even with insig- 
nificant overdoses of vitamin D.- . 


2. Tne ecnsivity of infants to vitamin D can vary greatly. 
3- During treatment with vitamin D, the gnfant should be observed 


closely and upon the first manifestations oF hypercalcenia uynptozns, vitonin ~~ 
'D should be discontinued. ‘ : 


4. In preseriving vitanin D preparctions for infants, it is essential x 
to warn the parents of the dangers OF overGoscSe : : 
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Beene is a translation of an article by in A Keres, candidate 
~ of the! redical 1 sciences) in the-Russian-languaze Beri odical Sovetskay 
“Medi tsina” “(soviet pole gy 23, lioscow, June 1959, pages 35-38. 
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“hs ds ee vitamin D is accumulated in the  organten, ant ste excessive 
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and prolonged use may Cause toxte phenouena 
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une wajority of pharmacology textoooks ae out that a toxic dose of 


Nie a 


vitanin D exceeds by several hundred or a ee times the Ginsapeutie sone 


and that, as a consequence, hypervitaminosis D is ey never observed 
in children, Because of observations made in Tartu City Children's Clinic 


Hospital during: haa years, we oe dgree with this ‘cei = is 
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i By 


an example. : 
ey ON en ok Ph Roe eg ee Bn AC ae 
Kay R. is 14 senate eid — a Abacos a the mother admi..'stered 
~ the child, esate of cha onset hag sauuineue a epird tucus solution of vitenin 
D, in all - one Te 5 million units, or an eyerage of 62, 300 units daily. Clinteal 
aynptone. “ vitaminosis — ducing the third month, after the child had 
been given, in the aggregate, o million units of vitenin ue The = Lost nae 


appetite and there were noni feotations of ‘constipation, apathy, and a subfebrile 
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during the last two months. ee ee eb ee ee 

Before her admission to thdnospi tel, the little girl had been apathetic, 
at times capricious. Nor had she wanted to play or stand. Noted was the Com 7 ; 
plete absence of appetite, intense constipation, exicosis (axsiiios), unusual ‘ 


skin dryness, and in the evenings a subfebrile temperature, The Sul’kovich 


condition. Emesis was rarely observed.: The child lost 2,100 grans of weight E 457 | 


urine reaction was clearly positive; in the blood serum, the quantity of inor~ 
ganic calcium was 20 milligrams % The erythrocyte sedimentation reaction 
ranged from 10 to 44 millireters per hour according to Panchenko's method. 
Observed in the urine were traces of protein and ‘on usual unit Leukosytens 
‘out at times a largo quantity of loukocytes were Sioned, a8 well as 
erythrocytes in a greatly augmented viewing field. Arterial pressure rose to 
' 110/90 millimeters on the meroury column. Following the discontinuation of 
vitamin D, pathologic elements were eee in the urine for a month, the 
“amount of Clacium in tie blood was Saieed within 1.§-moaths, subfebrile temper» 
ature continued for 2 months, and an accelerated erythrocyte sedimentation 
‘reaction was noted for 2.5 months. te a ce ae 


aor 0K 
v.-¢  " Tn this manner, a mere tonfold increase in, the daily therapeutic dosage 
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‘of vitenin D over a four-month period caused a grave case of hypervitaminosis 
‘p in the child. De we Uae | ee Hk po. 
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at. ° Jooording to the data of V. A. Vlasov and Y. K. Stolyarova, no connection 


pee ee ee 


“was observed between the quantity of introduced vitamin D and intoxication 


~phenomenae ~~ 5 Seb L, a de dee Le ew geo PE as eee | 
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‘s" ".- Appearing in recent years have been data on a special nosological unit 


BURR ee 


“dn young children, the B0-cellod idiopathic hypercalcemia (R. Lightwesd, Jeo hs 
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se cichineectioren- encnditnestninns. Remasnamindae Sanesiinelttiadei-snondhetiinaean abate. 4 
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?, Dawson, and others} K. G. Lowe and others; D. G. Greery and D. W. Neill and E458 - 


others; ‘, 0. Forfar ond others). During tide illness, children ere observed 
to be afflicted ith hyperealcenta (12-20 Witenes $3), arenas oe we sane 
tha, the content = anergeats phosphates and amiga iti eaten as = spac 


serum are normal. Te alkaline reserves of the biood are usually nornal and the 


” 


cintaat of gannas globulins is tnereased. Hany researchers have oboorved hyper 


cholesterinenia. Suck a condition hes been ae in atiidren Nias the ee 
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“or a somevhat increased dose of vitamin D. The hyperealceata eyndrone is cline 


tally pronounced and, therefore, the pioture ae the disease is nant ier to 
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hypervitaninosis b During grave ‘fovus of the iene, a child's rental and 


physical development may be retarded, = syoptons eg general visceral cal- 
cinosis oy be observed. Crave toms of this dssouse tisk ot thor se he fatal or 


be overcone (m. Stapleton). oe 
eine te bar, tated 


During. so-called tatopatnis iyporealconta, = oe of caletus = 
tie aubontiie is increased. Voually 35 $6 % of the caletua fei cow's mk ig 


absorbed; ven vitamin D is administered, up to 50 5 te absorbed; and vith 

. ash 

hyperce cenia, up to 60% 40 (Hs G. Morgan, ot. al. de The reasons poe ths nee 
ance of this disease are not yet clear. There ne an opinion ‘that one ie the 


' Woe 


neat frequent causes is an individual's sncrensed sensitivity to vitentn Dd, 
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since the administration of this vitamin causes the ‘lines to Boreal ane 


ite discontinuation results. in an inprovenent. Contributing to the peer’ 
he , “ as 


of satopathic hopetecicom - the ingestion of food vith a large celoium 


‘ 
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canbenk, Because of this, it is aainosily srpmenhened i houbeoanteted iaitante, 


for the calcium content of newts — is 4.5 times satan ‘hen that from a 
288i 


mother's breast. Also contributing to the development sa hypercalcente is the 
Gio ey 
use of food with alkaline surpluses and the application of nedical oie 
2". 
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“T'.°. Me following observations demonstrate how differently an organisn can ne 
react to the introduction of vitamin D,:° © Ves 4% ¥ woe id llt.. eats, 
’ Khel'gi K. ds six months old. The mother, ‘on her own initiative, treated 


the child for a flourishing case of rickets with a buttery solution of vitamin 


_D over a 4-month period — in all 2.5 million units, or an average of 20,833 


unites daily. Within 2.5 months, the infant a restless and lost her coe 
appetite. This was followed by ‘ewesis and constipation. During the last 
month, she lost 700 grams of weight. The becale einfant became torpid and had 
a aubfebrile temperature. Beginning on the infant's fourth month, she was” 


given a mixed feeding and at 5.5 months, she was given an artificial feeding. 


"ole When admitted to the hospital, she. had the following symptoms: the 


infant was torpid, laughed rarely, and had a dry skin; tissue turgor was reduced: 
first-degree hypotrophy was present; there was a lack of appetite; the tongue 
was esetad: the ingestion of food was almost always followed by emesis; and 
constipation and a subfebrile condition was observed. The Sul'kovich reaction 
was positive; the calcium content of blood serum was 15.5 milligrams %. The ~ 
erythrocyte sedimentation reaction was 35 millimeters per hour. The urine ”: 


manifested no pathological changes. Following the discontinuation of vitamin 


D, the attitude of the infant gradually began to improve, and her weight re 


dnoreased. ‘The calcium content of the blood returned to the normal level within 
a month, and the erythrocyte sedimentation reaction within two months.after the 
discontinuation of vitamin D. oe 

Thus, a mere twofold increase in the dose of vitamin D over a four-month 


period caused a hypercalcemic condition in the child who was on a mixed feeding. 


sau + Nal'deko K. was ten months old. During ‘the last 4 months, because of a 
slight case of rickets, the mother odministered regularly, twice daily, 24 drops 
(12 drops each time) of a buttery solution of vitamin D (1.050 million units) 
amounting to 40,000 wuts daily. During the 4-month period, the infant was 

given 2.25 flasks of the buttery solution of vitamin Dd, which totaled Deslo . 

million units. The infant manifested no clinical syaptoms of hypervitaminosis 
D. The eetcium content of blood serum Was ll. 4 milligraus 7 j» _ Only by roent~ 

_ @enogram was it possible to observe a more extensive calcifice.tion in the 


epiphysis of the tubular bones. 


AUd, Gls ne Dy Ma be CAG 6 eh 
a = this case, not even a tenfold increase in the dose of vitamin D over 
a four-month period caused clinical syzptons of hyperviteminosis to appear in 
yWee CHA, ee age a et ie ag. 
, The above-mentioned illustration ‘emonstrate how differently an organien 
.can react to the introduction of vitauin D. This reaction dopends, in all , 
probability, on the specific characteristics of an organisn, the state of | 


, heightened sensitivity or resistance of en organism. . ae Te 
... The literature and clinical data presented above show that hyporcalcemio © 
phenomena may appear even with the adwinistration of a low dose of vitamin D. 
When a preventive or therapeutic treatment of rickets by vitamin D results in 
: @ loss of appetite without any apparent cause and the appearance of apathy and 
, &@ loss of weight, it is essential to discontinue vitamin D inmediately. In 
_addition, it is seaccncicasi. | to determine the calcium content of the blovd: and take 
a roentgenogram of the apitiphyses of the tubular bones. .. ,. 


, The treatment of hypervitaminosis D and so-called idiopathic — 


- cemia must be aimed at reducing the hypercalcemia. We apply the following | 
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measures. We immediately discontinue the administration of vitamin D and 


calcium preparations, as well as ultraviolet rays. Food mst contain small - 


quantities of calcium (less than 300 nd idence daily), but at the same time 
the food mst contain sufficient calories and animdl proteins to restore the 
patient's weight. It is best to foed nursing babies women's milk, the calcius — 
content of which is 25 milligrams %; in cows' milk, the calcium content amounts 
to 115 milligrans #, or 4.5 times more. To reduce the calcium content of cows' 
milk, the use of hemssuchonse vesins is veeoimentet (Ye. N. Khokhol, et. al.3; 

' A. V. Ferguson; 3. K. McGowen; G. Anderson, et. al.; H. G. Morgan; Th. Stapleton, 
et. al.). Developed in our department (Kh. Yu. Kuus) at the present time has 
been a procedure for obtaining cows! milk, in which the calcium content has an 
reduced by three to four tines via the application of a KU-1 resin. 

‘Pood rich in calcium should not be eaten — cheese, ogg yolks, canned 
fish, caviar, beans, colored cabbage, spinach, and almonds. For the purposes 
of drinking and cooking, distilled water is recommended because onlinary water 
contains about 5-20 milligrams % of cjdetun, An‘ abundant quantity of food is 
prescribed for ‘the’ patient so as to avert the development of asuhecsubabonoels, 

Recommended to reduce calcium absorption is the use of cortisone (‘h. 
Stapleton, H. G. Morgan), which, in opposition to the action of wai D, 
inhibits the absorption cf galcium into the intestine. _For improving the 
exchange of substances, it 10 eccalin that tho patient be administered an, 
adequate amount of vitamin exchange substances (vitamins Ag,By, B2, PP). 

In prescribing vitamin D for children, a physician is obligated to 
prescribe the precise dose for the course of treatment and warn the parents of 
the borat) comBequences of exceeding this dosage. For &@ precise dose, it is 
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also necessary, during the writing of the prescription for vitamin D, to order 


m. 
= 
HR. 

‘yw. 


a pipet, 

Large doses of vitamin A inhibit the development of hypervitaminosis D 
(S, N, Matsko); therefore, when treating rickets, it is expedient to apply 
simltaneously, along with largs dosos of vitamin D, vitamin A in the amounts 


of 5,000 to 10,000 units daily (Ye. M. Lepakiy). 


: 
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CONCLUSIONS : \ 


1. he phenomena of hypervitaminosis D may develop even with insig- 


e 


nificant overdoses of vitamin D, 

2. The sensivity of ohio to vitamin D can vary greatly. 

S. Desting teesteent vile Gites B, ep domant ieetd be observed 
Closely and upon the first manifestations ‘of hypercalcemia symptoms, vitamin 
D should be eiscontinus:’. 

4. In prescribing vitamin D a for infants, it is essential 


to warn the parents of the dangers of overdoses, 
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CLINLCKL PROTUNS AND TROATIUT OF RYPERVIMNINOSIS D- 
I} THUAITS 
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Yoprosy, olan, natant CORSA Le Xe Bolahnrodovn, 
(Prableas in Natcraal ana Cekle Velwevo) he he Kodo 
oO . . 
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- ‘The usa of tho vevel preventivo end thowspertie conos of vitanin 
D doos not produce say sido offcets. At tho sono tino cexpoxbaicnts 
(S. Ne Matstio, Ae Te Zhricyta, Ve Te Coxsourove, You Se Povunes, Ge Ae 
Njuina) and clinical tcsts (Le Te Coktinzyove, Se H. Kwritsina, Ve Ae 
Loonov, Be Yoo Malin, Ve Ae Vinsov and Ve Ke Stolyavova) hava estabe ” 
Jashet tho fact that tho prolouged usa of Lupe cases of vitenin N nay 
prodics hypemitaninosis wth mened Minetéourl ane even exganic changes 
én tho elffovent oxgans end systcas (Liver, kicncys, cardsovascvlar syse~ 

- tea, motabolien, o%Se)e, Zais has been corfisecd by tho work of a nvakcr 

Of sclontists, Ancluding Le Pe TMrofcyova, Ve he Prolopchus, Yoo Se 

— Pevznow, Ge Ac Mania, Raver and Teciborg, W290 havo. reporsca on tho 
dovelopricnt of Govero chengos of on orgrede nature ta tho foun of vascve 
jor sclerosis of the kicnoys, heart, lings, laver and brain jn hyper 
vitaninosi.s D. 
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With tho aesption of tho nsthod of treating rickets with schools 
donos of vitcuin D, Soviot incustyy has put on tho open narcot en pi.cohol 
soliton of vitrxin D conteining 200,000 intention wilt per nie 
Vator, This conccnivatcd prosicaiion 4s botzig Wsed by pecantricians 
during resent years 1.0% only dn treating but fvcqucatly 2 preventing 
ricicts, It is avito natural that tho uso of an sicohel solution of 
viterin D An the polyelinic vacvo Tie contvol ovey trvontncnt is vory 
Vns.ted nay easily Lead to overdosing. Tals "us boca confiraed by ovr 
om clinical observations. A . 
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children were on breaat Lecding, 1.0 on breast fesciug with nvaplerent, Eheh = 
nis on artificial Loecing and ons cn a beby clot. 


Tho children wore adritted to tho clinde with different DB.agnoses: 
9 «= toxio dyspepsia, 5 e-Pioxte pnevroata, & = meningitis, 2 -= pylovic 
stenosis, 2 «= Viscaral eandicmycosis, 2 Yor observation, ono 1th pyurda, - 
ono uilh intostinal davacination, oso with toxleoul.s of unio otiolocy : 
but only tro whith a cosvcct Ciagosis of kyporvliciinosss PD. Conscquontly 
an 27 ovt of 29 cases the reacon for acuitionco wis not conflrasd. Twenty - 
of tho children had syeptous of covets hyporvitecinosis D, cight had signa ~ 
- of moderately covero hyporvitaatnosis D and eno was sufforlng-Dyou a njid ----— 
course of tho discaso. : ' ’ 


# . 
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“Tho chacrosis of hyperviteninosis D was bascd on carofw. history 
gata, clinical. and labovatosy cata with tho dccisivo Lactoers boing tho 
history and clintcal piotwro of tho Ciscaso. ' 

Ov elinical obsorvations of paticats with hyporvi.taninosi.s showed 77 
that tho discaso doveloped geacvally. It was t-nossiblo fron anomnostie 
data to dateraino the oxact boginaing of the ciscaso. As a aulo tho 
ehildvon reached the clinic in a evtdeal stato. Tho principal syspton 
of tho disease is como Cogrca of oweute intestLeation with syaptous of - 
oxoiecosls. Tho majowity of tho children weve commelosecat, adynanic 
and periodically vestlcss. Thoso enil.dircn in a evitieal condition al.co 
showed sono supaisacnt of consclousacsse . : 


An uuaportant clinical. siga of hyporviterinosio D in childven was 
Ampaived frnetion of tho gastrointestinal tract. ‘hero was porsistent 
anores.2, romivptation, Voriting aad constipation. In addition to con 
stipation the stool had a Cars ercon color and was mucoucy. Coprolog:cal, 
ommlnation of tho fccos of all childvon rovealed a largo anomt of neve 
tral fat and fatiy acids. In tho najority of childxca Caero was cnlargoe 
nent of tho liver but 4% was recuecd in shzo dn fom. Tats reduction In 
size of tho liver sas observed only wievo tho covwse of tho disoaso ims 

very Govero With pronomecd slens of dnioxteation. £11 the sick chil.dron 
shored vapid wolght loss, dsyness of tho mucosa, tairst, reduced tissue 
turgor «= all produced by Aupaived water wotabolisa. - 


Tho cardiovascular systen shouicd tachycardia, systolic nurnur 2t 
tho apex and muted heart tonos wit thosy changes in dixvoct proportion 
to tho severity of tho casa. In tho cixildrcn wee. observation thoro 
woro no marked changes in tha vecplratevy organs. . 


stills 3c 


In tho clinical picture of hyocivitaninosis Din children wo obe - 
served a persistent scnal syadvone. In pli _elvilevcs mado ove obsorvas 
tion wo fowd polyuria and tho pvosanso of inilerintovyecogenasativo 
chongos in tho kicicys. Tro weino showed protcin an anevits Lyon traco 
to LelGSo/oo, thers Was a Live emount of Tatty cagcnowstad equemous and 
chrevlay cpithclirn, dsolatcda hylin end geanular cylinders and alnost 
alueys a lavgo metocr of cyiindroids. Ju ecdition thoro vero aluays fron 
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10 to 60 or oven more Loveocytos in tho viswl. ficld and isolated froth E465 
aul Lexchod crythvocytos. ino rensh syndrone porsisted for a long tino, 

as a rulo, even till tims of dischargs Luca the hospitel. Apparcnily 

theso renal J.csions In hypesviteninosis ) in childven can bo explained as 
degenerative changes in the venel pavenchyaa urth diffuse calcareous 
infLi.tration and subscqucnt acdition of inflenantery chongese 


In all pediatric paticnts thevo vovo dpeiracnts of tho vosotative 
nexvous systen which vevo menjifest in pallor of tho slin, 4n some children 
in a porsistent bright red coniogvaphica ane perhocie erytheaa-liko 5203. 
Tho majority of childvcn had Anevoasel pevspivation and intestinal PULOSLS.» , 
Al. children shoved navked muscular hypoteni« end impaired notor functions, 
the childvon stepped shitting or standing, cid not Guopoys thcnsolves on 
theixy Legs end could not hold vp their heads. 


. In tho groat majority of chéldren thove wero Giscornidlo_synptena 
‘of hypovi.tuunosis C, A. Brand Bg manitested clinically jn dryness, 
‘dosquanation and Atching, slight vwincvabslity of the visible mucosa 
wrinklos at the coraers of tho nouth, cte. Ss, 


Tho bones showed tho Lollowlng changos. In 22 children tho 
onscous ctzo3 of tho flat eranizl bones wore consoe, Tho largo fontcnolle 
wes comparatively sual. in tho najorlty of ehildzvon and was closed in ti 
children (five and soven nonths old). ie 

Tho chil.cven skovicd changes in tho blood, “All childven rovealed 
moderato norccytie ancnia without ravecd eheages in tho unite blood 
cells. Accolovated sodinentation sato for cvythvocytos was porsistcnt. 
and stable. Sono childrca wore discharged with an cecolcrated erythrocyto 
Sedimentation rato without any othes syzptens of hypervitesinmosis D. -In 
tho majority of chilerea tho aount of calctua in the blood Ancreased to 
W=1.7 mp%e ices, ee 


Tho phosphotus contont of the blcod exoppod_ an tho children, 


In 22 children blood sucay was Csotorminsd on an opty stomach with 
10 showing on incroasy (fson 107 % 232 nz) end 12 shoving avorageo reade 
ings. Tho dogivce of ineresss in bleed syzay in children with hypcr~ 
vitaminosis D depcaded Cirsetly on the sevewdty of tho disoase. Wo nay 
acsviaa that tho dncreasa in blood susay in sovorcly tnvol.ved children 
was caused not only by Inpaived poneveutic Nuction bus by dnpadiment 
of tho assinilatory Sknction of tho diver. Yeo sug ltsos avo to tone. 
Gogren confimacd by this assuaption. As tho genoval cozcitvion of tho 
children inproved the blood sus:y lovol ‘approached tho noaviale 


A dlood cholestorol ansiysis of 27 childvcan showed 21 children 
with a hichee cuolostezo). level (fv0n 165 to 300 15). Sono vosularity 
for tds chungo vas obsorvad, necly thet tho novo sovowe tho elini.cal 
cow'so of tho hypumviterinosi.s D tho higher tho bleod cholcstowl level. 
It should bo podinicd out that clinieal qyutptais of hypovvitaalnosio D 
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Lovolcd ous and dirappearcd before tho cholesteiwl content of tho blood E466 
reachol nomial, In sono childzca Chschiyged botycoa the Mtad and 50th 
day tho cholestevol lovol st311L rcrcined lich (nowo than 200 117%). Tho, 
4nercaso in blood cho)estcvol in chilaxca with hyporvitaainosls D indi~- 
cates dipaired hep tic _Lyuction. ue 


Tho sovority of tho course of this ciscsso ccpznds, as a rulo, 
directly on tho ciowmt of vitiin D taca by tho child. ‘Tho disease was 
the nost severo in ehildecn uno had texcnven alcool colution of vitanin 
D in a ratio of 1,100,000 to 1,600,000 Anteraantional wits por kilogryan 
of body Waighte ae | 


hecording to tho data Suraished by 3 mesbor of Sovict sci.cntiste 
(i. Se Haslov, A. Fe Tur, Yoo Ie Leneiily, Be il. Kravets) there wil. be 
no syxptens of hypoxyiteninosis_) waca Giving coso8 of 25,000 Antore 
mitsonal wilis of vitaxn ND Lor Low's. ery 42 vo prosewibo uo novo than 
250,000 sivoraatienal vaits per kilogsoa of tocy weight for tho course 
of tycatncut. : 
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In treating hypesviteainosis 2, ecpeiding on tho soverity of the ... 

patient's condition ond tho ayndivieusl fcatuves of tho course of tho 
VU.soase, Wo uscd combined therapy c4ancd ering tho first stago of tho 
diseaso at oradicating toxtcosis and achycvetioca of tho body. Yor this 
pwrposo tho ehilarca wero proviecd vith optinal cavacornontal conditions, 
Andividuel care and satisfactory covation. ALL tho patients wore given . 
cnoush Liquid (tca ov 5 #wcoso) Sov a Cay's yeovirerents por os with a 
sinclo Juivavenons infwsion 0." in scvoss cases, intravenous deip aaUie 
Aptration of crovgh Lluid for one, 400 OF éheco Cavs. Tho ain novriahe 
not was nothes's milk. Fron tho very Syst cays in tho vard tho children » 
wore given Anivavenovsly plac: anda 5% givcose solution wih 200 ng 
yitorrin © and 10-15 ng vitorin By pes a Louse Insvlineglucoso thorapy . 
yao widoly uscd ding tho Sirs% stage of tecaincnt. co 


For a long, tata tho sick children wero giver 293 dsopa (600-900 
antomnational valts) of viterin A and 10-20 ng of vatenda FP por Caye 
2 of tncveny, Leo, alter Antorication was 
aincd at srevoasing tho body's irnunolople 
cal powcr, furtios sos ho Suserttons of the citforcat body organs 
and systeas snd gneve. ocebolien. Tao sie childrca vere given 
wtaning BE aud Bye, Dicod SconsLUsiors, cAsyacs, Ct. HMessago and 
exerelso wero WWdoly uscde : 
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Tho dict of the peddatiie paticats was geacvally oxtended and by 
tho cnd thoy had rence’ 2 Cho® eppropsiate for their agode 


Tho therapy Waten vo practhecd gcvo positive rosults. AIL tho 
children wider ov’ obsozvatiion rocoverccs ‘Lato catennostic obsorvae 
tions coupl.otely justificd tho oLfcertAven 26S of ous Cicrapye 
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<- The uso of vitanin D for th horeyy 4a loveor than ostabli.shed 
--¢xn4e doso3 may cause hypewvitcuiros! is Din children 


thorar 8 !"7 y i 
=. Nypervitainosic Din ciildvon 4s chavacteriics clinically by 
wars tton, dupaired nosveus Syunctioa, C.cozcorvs of the cautrointestie 
Anta Tl sist, endoerino systca, “blood systca, cavciovascular, winary ond 
nal. t: nn Bystcns and changos in * tho vator, mixoval, carbohydrate and 
in _ a retvolicae 
bP iG . 
S. Ko fowne a Gs cot rolaticnchin bot seca tho sovertty of tho 
a 8. ws tho Cogvoa OF Inpeinicat of fvactions aad no bine eee ond tho 
Asean" at viterdn D tattca. Tho higner the cose of viterdin D por kilogren 
enoxe ' . «1° eight, tho novo covers ths covsso of the PP ait 
SO = * 
we Treatment for hyporvitvurliosis D in cbildven chovld bo nae 
be ie --sxapca. Wien Sho eek child is ccs beer adsl. attention should bo 
ee ee clininating tho toxleocis ond cauydeation end tovard vee 
. organ and systca Tunctions aad ere ee 28 3 Viole. 
ae The offeetivenoss of thorcpy Zor chi ope wath esvieninein 
ne _eeerrezcces Largely on prcupt recogaitioa of the Ciscaso. *. 
__.aee TNO uso of mm elcohol -colutéion of viiaiin De for treating 
_2n childrea nnc% bo tndcr the stviet control of a ecdintrlitans 
os Freo falo of an alco! nol solution of | vitenin D2 An drug storos 
wees --proli, Site, > oe 
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Cw canineruh., [pwr xonposormicexom mecseaoraist Kaas Y LEX Ac 
Met B MSIITEIEIOM KOsuveetEs OGrapy REM NeiTpagoUL Amp It 7 
rue kncaoTe. ¥ Goanunmerna acteit resenn Grsaa yreanuena, ay I— 
mena, Yaeprreine neteun naGaorI2Vels TOALKO UP ONCHS TRACOM 
emit AAGVACHINNR C PCIKY PCPA MPHAMIKAMA MUTERCHMS 
¥ nees Goannnx ate’ naSswgaacen Gucrpaa aetepa Bec’, CyNocth cit 
TUX, KAKI, Humes Typrop Kane, wt9 OSycnoareno Napywenr 
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sti MIGMCHCHEA NAZNOALINCL npAsoit BILUCUMOCTH OT TRACCTH Cay 
Kasux-anGo orveTansisx m3uenenunit cO ctopomun opraitos AuNxciunn ¥ 
Hw AACMAX NII AcTeit OrMeTHTL Ne yAZ10cb. : 

B xanumnucexol xapreue rnepsntamiiioza D y Acted sus 126. 
NecTeNIUU NorcewnL cuuacom. Y acex rcteit, Guswux coz 1aG 
OTMENAANCS MOSHYPHA MW WAVE NIMAANTCAMNO-RerencpatusAen 3 
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KAMUMMNECKAR KAPTHIA WOJCUCHME THUNEPBTAMHNOZ4 pb 
¥ JMETEN PANNETO.BO3PACTA : 


A. WM, Beaadupodoua, A. A. Kedo . 
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eTewnna une rartyva PEMBYPUTENC TEODOR Braced nucH C. M. Kupess — (anp.-—20nen; 

AL EL Ruwenesy a olreanucnnod setc+ 0a Gorin uweun KA PayrQyea (rasenua 
spa 10. C. Uncranosa} 


Mpusseneusze oGieiu0 APRUNTUX ApowMAIKTUICEKNN MW ACUCOULX R03 
srtamiunz D te suaumacr Kanitx-n6e noGouitsx anacunt. Bro we BpcNa 
axcuepumenteawne (C,H. Mauxo, A. T. }Xmeiiao. B. H. Popeyes 
E. C. Meuaneg, FA. Manta) i xammescenn (41. H1. Foxsraesa, C. h, Ky. 
Piuuna, B.A. Aeonon, 3. EL Mixa, 8. A. Baacoa 1 B. K. ee) 
PETAUOSREHO, ATO AIUTEALHOE EpUsMeneMne Gorabutlnx 203 BuTIMuWs D xo 
ACT NPUICCTA K Pasyutio ruensutaMiuuss Dc rayGokumn Oy uKunotas 
MLM MW 2GAS CpraumicekuN WascHemMAM CO CTOPONL p4INALx on7a. 
Hon Wo cuctes (nesenit, noven, CCprcsno-cocyanctoit cucress, O6scua 
cemcets MF. 2). Dro nuarzep:KraercR paGotamit PUAA AsTOPOB, B TOM Hue. 
ae 1. TE Tixcéccuci, B. A, Mpoxoruyn, E, C, Hensuep, PL A. Maniinok 
Baysp 1 Opedbepe, KovopLee Couduuran o paanutan Beensa TRACALIX 13M 
HCW OpTaniuseeKOsO NAPaktepa po nure CKAICIO3ZS COCYAay NoeK, cepana, 
TCTRUN, Meucicy Ub woIra pit ranepsntasmuosze D, . ae 

C nnerncisess g UPSKTUKY METOZA ACKCIIM PAXUTa yrapMUN aosaNe 
entemna D oveccesucnuan nposiswacnnocr PUNYCTHAI B CBOGOALYIO pe 
SAKY CUUDTUSCH pactaop onTaMina D, cancpaauuit 200000 HIE a 1 wa 
AzvoT Kon TPNposaunuT upenepar npuxenne4res Npava-aACAKaTpUNa 
39 NOCAL AINE FOAL NE TOALKO C AMEGHON KeaLco, 10 Hepeake nenoaLszyerca 
AIA HAAR ApoHstaagtuK paanza. Bueaye CCTECTUCHO, YTO Apuseneiise 
SuipToacroe peetyo Ia auTasita Dow noanxanmimesnix YCROUNRX, Fae KoH- 
TPOGH 32 Npsseacuien Soneiuh wecuma orpaunuen, soaeT JCrKO NPiugeere 
K tepero3sipasKe - gpenapaza. Sto buatnepwKAaetca MW Matus KUNI 
CRUMID MOGAWSACHIANE - eS par : ce 

C 1937—1959 tr. pb xanunxe WHCTHTYTA NaxoAAOc HA NaACLENE. 
29 actei peu:cro wospacta C rincpeutaniuiviosa D. Hs untx p Bo3pi.cze 
or 3.20 G xvenucs G20 14 Actei, or 1 20 9 uCcuicB — 13, ot 9 20 12 ve 
CAUCS — Ol PeGeUOK 4 eTEpite roAz — oA PeGeuox. Ha rpyatos BCK2jNe 
SHRINE HIXOALOCe 9 JcTeh. Wa rpyauow RCKAP Mauna C NPIKODMON — 
10, na nekyeesaeuness PEKSPMATUIUIIE -— 9 AeTeit mw ORM peGenoK MaKe 
AUACA MA MIA:CTONNOM CTOReE. . : Cee : 

Bo xaminy Goavnue rer HOCTYNIAN C Parnas anarnozaum 
TORCUNCCHAR Aneucucwa —9, roKxcsuceexag URCUMONUA — 5, xenuurar—L 
Fuoposteuoes 2, aseneparnusd Kaw AaaniKkos — 2, 24x oGcacaosauna —2 
BEYPUR— ORM, KCHIIA  MtiVarMatuIN - "OAUH, =TaKCHKO3 ~— NeNCuOd 
SHOOT --- BUI DEGSUOK 1 TONKA ¥ 2 Goan: Gar nocransten Npacitay. 
mai Anat. chiepsutasunosa D. Cacaoasteanno, 6 27 Caysaxx 13.29 aur 
aruod Naspansenag wo KANNKE HE HoaTnepanaew. C mukeaemn npesrsacus 
AMM Tuncpunzaxunosa D Girw 20 aczeit, ¢ saGoacnawuunun cpeaucit te 
Weert —F Acted w cpanwursawuoe © seri Tedeiiess ~- oat peGenox, . | 

lusruos cunepantasnuoesa D CTISHACA UA OCHOKAMH TULaTeEALNO CO 
Cpsunvzro auazners, KaUIECKUX 1 AsGopatopusx Azauuix, UPN peut 
UL BW NOCTINOEKE MarHOaa KIAMA BHaMHE 4 KAMMNNCCKAA KaptuMs 
GoresHz. 

Haun xamiscexue  uaGnoxcuns 44 Goranson ranepnutasniteset 
MOKIIZAU, WTO ARGoLewauNE STO paruuaroCE NevoAwew, Tone yota nest 
CFO WANING BNsZLCCTNACeK Ue yAasaaucL. B KAUNUKY Ae Garb’ Acti Ue 
ORAM, KI Epawwr0, w TaxKecOM coctoutin, Besryusiss apusiaxew 336016 

“ MSULR UaaARICL w Tea HAY HUOK etencu siepaxcnian MNTOKCUKIIUIR OP 
483. oe Be Sg ees ; 


e - e = . ig oo . 
° : . x 
- bad . 
- -~ nn ee ee 
mr ow ee oy ee 3 ee - :ogem 


pa yVd C MAICHIAMED SKUHKOZS. Y Goaumunersa actek armewaaaen cqitite 
sucth, FAUIAMIL, HEpHOTMEcKaT Cecnonoietno, Y acteit, maxoanimuxca 
b DERCAIOM COCTMUM, HAGLOAAINNS B TOA WAN NET ETEHeM Hapyurcime 
COVER, 
Naa yas KAUMMCCKUM TEPATAKOM Bps Cute pea TI MtOIe Dy aczeit 
dean Hapyiicnne byuKwntr Keayrzowio-Kimemore toaata. Ornesascce i 
aganine YAOPUOT JnopeExci, epierusaunit, paotia w sanopa, HapRsy ¢ O° + 
weuneM 3INONA CTyA Y GoaLuax upuo6peTIa Temio-acsenyia oKPacKy A i 
dar casnetiaat, Tpit Konpoaorimeesom nccacaouamm Kaas y eeex Actea * 
fea B MANNTEALNOM KoanaceTRYE OGHaApyAKCM HeATPIALIUl RAP MAP. 
rue KicaoTE. Y Goawiunneraa actei nevenn Guaa yaeauvena, 3 y yest | 
mena, YMenbuienng Neve WAG UWOATAOCY TOALKO NP OUCH TRACLOM -e- 
weit aaGonesanin ¢ pesxo WP NPAUIMEKIMGS MUTGRCUN2[]UIN. 
¥ neex Goapman 2cteh wa6awmagsucy Gictpan KoTepPA NECA, CYNOCTL CTUIS- |: 
TUX, WRIA, NOMEN TYpTOp TKaeH, UTO OGycroaSCHO Napywmeien 2 
poanuro OSscHa. : , Dr i 2s A a 
Co cropomis CepACUNO-cOCYANCTON CHSTEML OTMCNAAMC TIXMKIPAUR. , 
cneToamecknd MyM ta nepxvIuKeE MW ApurayLicuic Tatton Cepana, APAseN i he : 
STH WIMCNCHIR NANGAIANCL Ho NpAMOM JanncuMOCTI OT THARCCTH CAYe2A. 
Kaxux-auGo OTYCTANBLIN HAMENET CO CTOPONLE OPToNos AUXIWAR Y Ka- 
GawAaeMmuLN WIM AvTeH orseTnTL ne y2at0cs. s o 
B kanuuecxof Kaptane runepsatamisioza D y Revel uu uaGs0225 
nocromiinad noveuniait cunapow. Y acex acted, Gusisux nor waGs:o2cus23, = 
OMEMATNCL NOAUY PIA WO UATUMNE ROCHAALTCAIO-AETCUCPATUBUBN HINCUC™ _” 
mii» nowKkaN. Bumoue onpeacanaca Seaox ot C2026 30 1,1G3%s, itsesca 
2 GOALON KOausectae STUpMO Repepowacuiusi NAST UW APYTAUA 32: 
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CUNICAL PICTURE AND TREATMENT OF D-HYPLRVITAMINOSIS IN INFANTS. 
L. J. Belodorodoze, A. A. Kedo 


E -Suramary 

With the appearance for ale of cuncenlrated viluimin D ofstions D-by pervifatie 

cases ataun infants bean to incscace in their frequency. Withia the past 3 yezzs 
2D childsen were absctved at the clinic, afl of suffered fram this affevtion, assumiag 
Satu deste uf severity. On the bisis of al ubservatiuns the cuthors frost 8 
Stoitd clinical picture of lesions ia the lungs accamipzaying moderate and severe Rypere 
Vituminnis in infants. A distinc? direct relationsilp was routed letween the scverity of the 
deat ond the ainuunt of vitanin D receives by the child ger bus of bocy weight 

Measures uf treatiacnt sad prevention of aild and scvete luiits of Dhypervtsmina- 
&s ate recommended. 2 , 
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The Pathogenesis of Idiopathic 


Hypercalcemia in Infancy 


By Tuomas STAPLRTON, D.M., M.R.C.P.,* Wittram B. MACDONALD, M.D., MLR.CA.P.,f 
AND RuGINALD LiGiTWooD, M.D., P.K.C.P.$ 


With the Teclnical Assistance of I. W. J. Evans 


T Vie PURPOSE of this article is to review the 
*& chemical changes which have been found in 
eases of idiopathic hypercalcemia, and to dis- 


cuss the ctiology and treatment of the disease. — 


The clinical features have been described else- 
where.! In summary, all cases. have com- 
menced in the first year of life, Sometimes as 
carly as a few weeks after birth, but usually at 
about five months, with anorexia, vomiting, 
constipation and failure to gain weight nor- 
mally. Some cases have one or more of the 
following features: thirst, polyuria, occasional 
spikes of fever, a systolic murmur, hyperten- 
sion, ostcosclerosis, a peculiar facies and men- 
talretardation.? In general it can be said that 
the earlier the onset and the more severe the 
symptoms, the more likely are complicating 


CHEMICAL DESCRIPTION 


The characteristic chemical changes are a 
tise in the level of serum calcium and blood 
wea, Other changes may occur as well: 
hypercholesterolemia, rise in a globulin, acido- 
sis, and a low serum alkaline phosphatase. 


1 Calcium 


Because of the possibility of an inaccurate 


, hboratory estimation and because a transient 


nse in the serum oalcium level can occur in 
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other discascs, we have only considered the 
diagnosis of idiopathic hypercalcemia when: 
two estimations of the seruin calcium have been 
at least 12 myg/100 ml. The highest recorded 
value is 23 ing/100 ml by Cordciro,® but in the 
United Kingdom the highest is 19 mg/100 
ml. The distributich of the increase of serum 
calcium between the pro!cin-bound and soluble 
fractions has not been determined. There is 
nu constant relationship between the degree of 
hypercalcemia and plasma protein ievels. 
The daily cxeretion of calcium in the urine is 
raised. Amounts as large as 148 mg in 24 
hours have been found. Other reports!.*?4 
all give figures well above the norma! daily ex- 
erection which is of the order of 20 to 30 mg.® 

In spite of the increased urinary calcium ex- 
eretion, the calcium balance is strongly positive 
(Fig. 1). In reported balance studies the cal- 
cium retention expressed ag a percentage of 
calcium intake has varied between 31 and 69 
per cent in cleven cases, with un average of 49 
per cent. thet 


"Phosphorus °* : 
The serum phosphorus is usually in the nor- 


‘*, mal range of 3.5 to 5.5 mg/100 ml sometimes 


slightly higher, sometimes lower. In the early 
stages of the illness, when the impairment of 
renal function is minimal, there appears to be 
no constant relationship to the seruin calcium 
level. In the more advanced stage of the ill- 
ness the serum phosphorus may be abnormally 
high. 

When the serum calcium is high, the phos- 
phorus balance is strongly positive (Fig. 1). 
In seven reported balance studics,‘** the 
phosphorus retention expressed as a percentage 
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CN. 1M Low calcium Low calcium 
ys : milk milk ond cereal 


Pig. 1. Trentnent related to dally catcium, maginestusn 
phorus balances, which are averages of {sure 
(Urinary excretion hatched, stoal 
(From: 


nnd plios 
day collections. 
excreted dotted, positive balanee black). 


Lancet 1:932, 10356.) 


-of phosphorus intake has varied between 26 
and 84 per cent with an average of Oo! per cent. 


" Magnesium 
_ We have estimated the serum magnesium in 
seven children. Values ranged from 1.8 to 
2.7 wg/100 mi, confirming the findings of other 
workers... In only one case did there appest 


to be any relation with the rise and full of 


[Vel. 8, Nas 
serum calcian (Vig. 2) sneel inn that ee 79 
mnaygnesiien aise paralleted the chines in sero 
phosphate and ures. It therefore seems likely 
that the changes were due to fluctuations in re- 
nal function, ‘The miagnesiut Dalhinee scems 

to be unaffected throughout the course of the 
itIness**(Hig. 2). 
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| 
Bicarbonate | 

In most cases of idiopathic hypercalcemia 
the serum bicarbonate is within normal limits, 
Some infants may have an abnormally low ! 
scrum bicarhonate even when renal function is 
not greatly impaired.” It is possible that | 
some infants with hypercalcemia have an as- 
socinted renal acidosis."' ‘There appears to he 
no direct relationship between serum calcium 
‘and bicarbonate. 


o 
Sodium, Potassiuin Chloride 
The serum concentration of these electro- 
lytes are within norinal limits in idiopathic hy- 
perealcemia of infancy. There is no disturb- | 
ance of the sodium, chloride or potassium 
balances.® 


‘ 
Protems ‘ 


In his original description of the biochemical 
changes in idiopathic hypereulcemia, Payne" 
stated that the plasma proteins showed an in- 


i 
: 21 Co treemkondColee = fc CM ond 
f cereal iv) mined eet 


(CORTISONE 


Vig. 2. Trewtment related ta bho! w 
sodified from Acie Pacdiat. 44: 659, 1955.) 


and magnesium. (} 
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crease in the ay avd y-globulin fractions. 
These findings have been confirmed by other 
investigators, but only in some cases of idio- 
pathic hypercalcemia." Only two out of 
seven infants studied by us have had total 
serum proteins higher than 7 g/100 ml, but in 
all of the seven the a:-globulin fraction was 
significantly raised, although the y-globulin 
was normal. The a and 8-fractions are oc- 
casionally slightly raised. 


Cholesterol 


In severe cases serum cholesterol levels may 
be of the order of 300 to 100 mg/100 ml. In 
infants with an illness of intermediate severity, 
the serum cholesterol is often increased to 


: TABLE 1 

Scrum Culcium Levels Related to Scrum Citrate Levels 
and Dict 

Fae cw ong meat <a Run 

calcium 


Patient Diet 
omg/100 
ml 


C. Hm, Vitamin D fortified 13.4 
dried milk 
Low-calcium dict 
Low-calciuin dict 
with added solids 
Low-calciuin dict 
with added solids 


Vitamin D fortified 
dried milk 
Low-caleium dict 


Vitamin D fortified 
dried milk é 
Vitamin J) fortified 

_ dried milk 

Low-cnteiuim milk 

Low-culcium milk 

Equal parts whole 
sith ane low-cal- 
ciuin milk 


Vitamin 1D fortified 
dried miik 
Vitamin D fortified 
dried milk 
Taw-culeinin diet 
Low-calcium dict 
Low-caleiuin dict 
Low-calcium dict 
Low-calcium dict 
with added solids 
Low-calcium dict 
with added solids 


Vig. 3 The variuhle retathonship between the serum 
eltrate and scrum calcium levels. 


250 to 300 mg/!00 mi, and returns to normal 
levels wheri the scrum calcium falls and clin- 
ical improvement commences. 


Alkaline Phosphatase 


Low concentrations of this enzyme are often 
found in the active phase of the disorder, ,ar- 
ticularly in severely affected cases when osteo- 
sclerosis is a complicating feature. Levels of 
4 (o 8 King-Armstrong units are not uncommon, 
The concentrations return to normal during re- 
covery and sometimes become higher than nor- 
mal when affected children are treated with 
calcium-free diets, and radiologic evidence of a 
decrease in osteosclerosis develops. 


Citrates 


It has been stated that the serum citrate level 
is inversely related to the serum calcium.® 


"In four cases studied by us no constant relation- 


ship has been found. (Table I and Fig. 3,4). 


Fig. 4. The variable relationship between the serum 
citrate and serum calcium levels. 
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Urea i 

The blood urea is raised, although not neces- 
sarily throughout the whale active course of 
the disease. In some infants it is of the order 
of 160 to ISO mg/100 ml even in ihe absence of 
dehydration. 


Vitaimiu A 

Plasma vitamin A levels were estimated in 
cight infants with idiopathic hypercalcemia and 
were significantly higher than those found in 
normal infants, or in marasmie infants, both 
in the fasting state and four hours after a 
standard oral test dose of vitamin A." 


PATHOGENESIS 


The clinical, chemical and pathologic findings 
closely resemble those which are found in per- 
sons who have reccived excessive intakes of 
vitamin D. (Fig. 5) The following evidence 
suggests that a Jarge intake of vitamin D is a 
main causative factor: \ 

(1) All infants with the disease have re- 


ceived vitamin D cither as a supplement or in 


a fortified infant food, 

2) The vitamin 1D intake of infants in the 
United Kingdom, where the disease has becn 
commonest, has increased during the past fif- 
teen years largely as a result of the increased 
fortificntion’ of infant foods; the extent of this 
increase was not fully appreciated until re- 


TABLE II 


‘The, Amounts of Crystalline Calciferot Added to a 
Proprietary Brand of Full-Cream Dried Milk, and 
Reports of Assays of Vitamin D in the Milk 

Crystalline 
Caleiferol 
added 

UU / dry on 

Up to August 1942 

From August 1912 

, Prom October 1943 

* Trom November 1944 

From October 1054 


Age of milk 
months 


7 to 12 
13 to 18 


3196 


e 


(Vol. B, Ne. & 


"TABLE HI E477 


The Amount of Calciferol Acided to a Dried Cereal 
and i ee Eee ceenaieniiiinnie of Assays 


Crystatiine 
Calederat 
adsted 


hurd 
| oY J/dry es) months 1.U.J ery 


Up to March 1,000 
1046 

Fran March 2,000 Oto2 | 1,110 to 1,870 
1040 13 ta 28 758 to ) 20 


cently. This is shown in the tables reproduced 
from the report by a sub-committee of the 
British Pacdiatric Association” (Tables I, 
III). These figures permit an approximate cs 
timate to be made of the likely intake of vita- 
min D of an infant fed on the full-cream milk, 
referred to in Table II fortified with crystalline 
calcifcrol 460 1.U. per dry ounce, the caleiferal.- 
fortified cereal referred to in Table III, to 
ieee with the generally recommended quan- 
tity of cod-liver oil compound: 
For example, the vitamin D intake of an in- 
fant who receives cach day 
Approximatedy 
(a) 1/5 pints of a full-cream dried 
milk containing 460 1.U. vita- 
min D per dry oz 1,725 1.U. 
(b) 1 o2 of a cercal containing 1,500 
1.U. vitamin D per dry o2 1,500 1.U. 
(c) 1 teaspoonful of ational cod. 
liver oil compound (Welfare 


Pood Service) 
would be about 4,000 1.U. 


' (3) The disorder has occurred in Finland, 
especially among premature babies who have 
had interstitial plasma cull pneumonia. These 
infants had all received several hundred eg 
sand units of vitamin D as stoss therapy.” 

An excessive vitamin D intake, however, 
cannot be the sole factor leading to the develop 
ment of the disorder, because thousands of in- 
fants in the United Kingdom and elsewhere 
must have received as large doses of vitamin D 
as those few hundreds who have developed the 
discase; and some infants with the disease have 
not reccived excessive doses of vitamin D. 
Some infants have been affected in the early 
weeks of life. These three facts suggest that 
idiopathic hypercalcemia may be duc to the par- 
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Pig. 6. The pathogenesis of idiopathic Infantile hypercalcemia (Modified™ 
from Helvet, Pucdiat. Acta 10: 149, 1955.) 


ticular response of some infants te vitamin D, 
cither an extreme of the physiologic variation, 
or an inborn metabolic defect which causes 
them to react in an abnormal manner.'*!9 

The fall in the high serum calcium when cor- 
tisone is given resembles that observed in sar- 
coidosis with hypercalcemia.” In both in- 
stances, it may Se caused by an anti-vitamin D 


- effect. 
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Conditioning Factors 


Alternatively, or in addition, there may ie 
conditioning factors which make some infants 
more susceptible to a given dose of vitamin D. 

(1) Al the infants reported as suffering 
from idiopathic hyperealcemia have heen arti- 
ficially fed. The high caleium and phosphorus 
content of cow's milk (approximately 120 
mg/100 mi and 95 mg/100 ml, respectively), 
compared to those in human milk (approxi- 
mately 30 mp/!00 ml and 15 mg/100 ml, re- 
spectively) must at least predispose to the de- 
velopment of the disease. 

(2) Impaired rates of growth lower the net 
requirement of calcium, phosphorus and vita- 
min D. ‘This was probably a factor in the in- 
fants who had had interstitial plasma cell- 
Meumonia reported from Finland."* Infec- 
tions have preceded tie onsct of the disease in 
cases reported from the United Kingdom.*."! 

(3) Idiopathic hypercalcemia has been ree- 


de 


’ 
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id 


ognized in infants in many countrics (Finland, 
Norway, Portugal, Sweden, Switzerland, 
United Kingdom and United Statesof America). 
Although the vitamin D fortification of milk is 
much less in America than it has been in the 
United Kingdom, many American mothers 
must hove given their infants supplementary 
vitamin preparations; the disease has not been 
overlookcd, yet the number of cases apparently 
has been sinall, A possible explanution may 
be in the use of evaporated milks in the North 
American Continent, whereas in the United 
Kingdom dried milks are in general use. It 
has been suggested that the essential fatty 
acid content of dried milks may be lower than 
that of evenorate’? milks,** (both, of course, 
being cow’s milk, nave @ w.2r essential fatty 
acid content than niuman milk). This is an 
attractive hypothesis which would explain the 
geographic distribution of the illness, and inight 
help to account for the high plasma choles- 
terol levels found in affected infants, as there 
is some evidence that a deficiency of essential 
fatty acids interferes with sterol metabolisin 
and can be followed by a raised plasma choles- 
terol.2-% Sinclair's claiin is not supported 
by analyses of different preparations of cow's 
milk for their essentially fatty acid contents.” 

Whiic investigating ths problem we have 
made an interesting observation. An infant 
with idiopathic hypercalcemia and an infant 
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: Fig. 6. Section. of kidney stained for calcium from a Fig. 7. Section of kidney from a rat six weeks old 
female infant with idiopathic hypercalcemia who died which had been given 500,900 units calciferol 12 days 
ut age of 11 months (no treatinent having been given previously. (Alizarin X< 16.) 
for comparison with Figure 7). 
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with a normal scrum calcinm level were given been reported by several investigators,?7:'9-7-* 
by mouth cotton seed oil, which is rich in cs- and it seems that this orgun is the most constant 
‘sential fatty acids. In both instances there site of calcium deposition. Calcium deposits 
was a fall in the serum calcium level, with a re- ure concentrated at the cortico-medullary june- 
bound on discontinuing the oil. - tions (Figures 6, 7), and are seen as conerctions 
. The raised vitamin A fevels in idiopathic — within the lumina of the tubules and as amor- 
hypercalcemia’ support the possibility of ab- , phous deposits in the interstitial tissue. Simi | 
normal fat metabolisns in this disease. Jur changes at this site occur in rats given toxic { ; 
doses of vitamin D, and also in rats given | 
: ona dear munis sinaller doses of vitamin D_ together with 
“The complications of idiopathic hypercal- acetazolamide?! 
cemia appear to be due to the high serum cal- 
cium, its duration of action, and the age of the 
infant when it develops. The type of compli- The high blood urea may fall to normal limits 
cation is determined by the location of metas after twoto three weeks of treatment independ. 
static calcification in die Lady and the overall ently of hydration changes. This is in kev» 
effect of catcium on tissue metabolism. ing with the improvement in renal function 
(Table IV), and resembles that which occurs in 
Kidneys sarcoidosis with hypercatcemia following treat- 
Renal involvement is evidenced by azotemia, ment.!? It seems unlikely that kidneys with 
Calcification and fibrosis of the kidneys have the severe damage and fibrosis scen in some 
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Renal Function 
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fatal cases af idiopathic hypercaleemia could 
improve to Chis extent in such a short time, and 
itis probable (hat earlier and reversible changes 
veccur, There might be a clearing of kidney 
tubules obstructed by calcium casts as has been ‘lee8 898% 
reported in vitamin 1) poisoning studied by . 
renal biopsy.2? The impaired inulin and urea 
clearances which improve «during treatment 
would support this theory, unless altered per- 
meability of tubular epithelium in this disease 
nullifies the elearanee results. An alternative 
or additional explanation is that a high level of 
ionized calcium may inhibit enzyme activity in 
renal (ubular cells without causing irreversible 
charges. 

Our experiments done on young rats poisoned 
with vitamin D and recciving a high-caleium 
dict show no reduction in the oxygen uptake of 
kidney slices. The oxygen uptake of kidney 
slices of healthy young rats is not diminished 
by the nddition of high concentrations of 
calcium or vitamin D to the Krebs-Ringer 
medium. These experiments, however, do not 
deny the possibility of a lesser degree of inhibi- 
tion of metabolic processes not directly con- 
cerned with acrobic oxidation, but with more | 
| specialized organ function. 

“7 Vitamin D in its soluble phosphorylated form 
a Gea isan activator of acrobic oxidation in tissues 
; ; other than bone, as well as being an activator 
of other enzymes such as alkaline phospha- 
lase.* Thus it is reasonable to assume that if 
adepression of tissue metabolism occurs in hy- 
percalceinia it is more likely to be due to the 
hypercalcemia than to a primary vitawin D 
effect. o 
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Calcification of blood vessels™ of the myo- 

' eardium and heart valves?" and in subcuta- 

neous tissues have been described. Osteoscler- 

osis is n common feature in the more severe 

grades of the illness, Calcification has also 
Fun etiun been found in the lungs and the fundal glands 
Necurs in o the stomach. 

Pi Aig treat: The systolic murmur which is frequently 
ys with found in affected infants may be due to calcifi- 
“tin some ation in cardiac valves, the hypertension to 
‘ thickening or calcification ef arterial walls. 
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lin and urea clearances in the severe stage of the disease, with an improvement and full in the urea/inulin clearance ratio when the scrum cal- 


© The clearances were done when the infant was sedated with a barbiturate. The urine volumes include the 30 ml, water used for bladder washings, 
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TREATMENT 

The eftiency of treatment depends on the 
stage of the illness at which it is given. Some 
infants with hypercalcemia recover without 
special treatment. On the other hand, same 
of the severely affected infants have changes 
which are irgely irreversible. Ti most cases, 
recovery can be aceclerated by treatment. 
The chief methods of lowering the serum cal- 
cjum are (1) a low-calcium dict, and (2) corti- 
gic Pete aha 

A low-calcium dict is the mainstay of treat- 

ment. ‘This can be in the fori of a low-cal- 
cium milk, produced either by treating cows’ 
milk with a calcium-free ion exchange resin,?*:@ 
or as a commercial dried milk preparation, Lo- 
casol (Trufood) containing 7 mp calcium per 
100 int of reconstituted whole milk, In addi- 
tion, older infants can be given a Jow-calcium 
cereal (Glaxo)—containing approximately 0.1 
ing of calcium per gram of cereal. This cereal 
with its low-calcium content and its high in- 
organic phosphorus and phytate content results 
in an appreciable negative calcium balance 
due to a high content of calcium in feees.*.*-7 

Low-caletun cereal has the added advantage 
of a high caloric value so that weight gain is 
better (and this may be an important factor in 
accelerating cure if calcium utilization im-- 
proves). For infants who are entirely bottle 
fed it ean be added to the milk {a small amounts 
(up to e drachm per ounce has been found 
satisfactory). 

The disadvantage of the low-calcium dict is 
that the preparation of the low-calcium milk 
and cereal, to be fully effective, requires the use 
of water of low-calcium content. In certain 
areas, this means distilled water. 

The response of the serum calcium level io 
dict is not always quick and it may be desirable 
to give cortisone. Given orally in doses of 
23 to 50 mg per day, it results in a fall in 
scrum calcium within a few days. The effect 
is not permanent, as on discontinuing the corti- 
sone, the serum calcium may rebound to @ 
high level. The main value of cortisone is its 
use ag a short term form of therapy combined 
with: the low-calcium dict. After two to four 
weeks it cat be discontinued, by which time the 
calcium-lowering effect of the dict should be well 


[Vat. 8, Na, 6 

£481 
established. Used over long periods there is 
the risk of undesirable side effects such as hy- 
peradrenocorticism, ind maskiug of intercte- 
rent infections, 

‘The mode of action of cortisone is not uncer- 
stood, although its main effect appears to be in 
blocking absorption of calcium fram the bowel. 
The administration of cortisone to infants with 
idiopathic tayperenleemiat® and adults with 
sarcoidosis® results in negative calcium bal-_ 
ances fromm fecal losses. Tis structural similar: 
ity to vitamin D has prompted the suggestion 
of competition for substrate.” 

It is important that infection should be 
avoided as much as possible, and if contracted, 
it should be promptly treated, especially if the 
infant is on cortisone therapy. 

Other measures have been used to limit cal- 
cium absorption from the bowel. There have 
been no reports of phytates being used alone 
for the treatment of hypercalcemia in infants, 
but they have been used in the treatment of 
hypercalcemia in sarcoidosis in adults." 
There seems to be no contraindication to their 
use in infants and they should increase the 
fecal loss of calcium if added to the low cal- 
cium diets. The disodium sait of ethylene 
diamine tetra aectic acid has been used as a 

calcium-extracting agent. We believe that 
this treatinent carries 0 scrious risk’? and con- 
sider it unnecessary in view of the effectivencss 
of other forms of treatment. 

It is possible that vegetable oils containing 
high percentages of essential fatty acids may 
have some use in idiopathic hypercalcemia. 
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IDIOPATHIC HYPERCALCEMIA 
A Case Report with Astays of Vitamin D in the Serum 
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By David W, Smith, M.0., Robert M. Blizzard, M.D., and Harold E, Harrison, M.0. 
Departricnt of Pediatrics, Johng Hopking Unteersity School of Medicine, and the Herrict Lane Home, 
Johns Hopkins Hospital 


1" 1952, Lightwood' reported a caso of 


idiopathic hypercalcemia of infancy’ 
with failure to thrive. By October, 1956,. 


over 200 cases had been documented, 
chiefly from the United Kingdom.'*"" Rela- 
tively few reperts have appeared in the 
United States; Deutch and Senturia’® and 


Daeschner and Daesclwer'® described indi: - 


vidual cases, and Bongiovanni et al.?? re- 
ported three cases wita a review of the 
literature, With few exceptions most infants 
with unexplained hyperealeemia have been 
receiving preparations ¢ of cow's milk with a 
goodly intake"of witamin D, usually more 
than 1,500 units/day. Many infants in the 
United Kingdom receive such dosage. 
Creery and Neill! reviewed the vitamin 1D 
intake of 1,087 normal infants in Belfast, 
— Vrelund, aud fuand that 51% received be- 
~ tween J,000 and 2,000 units/day. Therefore, 
it is readily evident that the incidence of 
tho diseaso among infants taking 1,000 to 
2,000 units/day is quite low. The basic 
ctiology of the disease has remained ob- 
sciye, although the predominant f{ecling is 
that the condition is secundary to an exag- 
gerated ‘response to a moderate doses of 
vitamin J),% 1% 22. 29 

The purpose of this paper is to report a 
case of prolonged hypercalcemia in which 
assays of vitamin D in the serum were per- 
formed. 

METHODS 
The {initial assay for content of vitamin D in 
the scrum was Performed by Dr, Bernard Spur 


of tho Milk Research Laboratory of the Chif- 
dren's Hospital of Philadelphia. The two sub- 
sequent assays were performed by Dr. C, E, 
Bills, Dr. William Thomas and )Dr. Geinmell 
Morgan utilizing the method of Bills.2¢ 

The methods used for analysis of blood and 
uring wereesas follows; concentration af cal- 
cium in serum vias determined by the method 
of Harrison and Harrison;?> concentration of 
phosphorus in the serum by the method of 
Fiske and Subbarow;?¢ and that of citrate by 
the method of*Natelson ct al.2" Concentration 
of calcium in the urine was determined by the 
method of Clark and Collip.?* 


\ 


CASE REPORT 
History 
S.IL, was admitted to the Harriet Lane Home 
at 5 years of age (September 15, 1954) with the 
chief comp!aints of unilateral facial weakness, 
intermittent abdominal pain, and poor weight 
gain. 


full-term pregnancy during which the mother 
received spent calcium. Tho birth 


weight was 2,610 gm. Formula consisted of '*-+;>r 


evaporated milk (400 units of vitamin 1D per 
18 92 can). At 15 months of age homogenized : 
mitk (400 units of vitamin D per quart) was 
substituted for evaporated milk. The intake was 
about one quart daily after 2% years of age. 


Supplemental water-soluble vitamin D was.’ 
taken in the following dosages: 1,000 units/day + ‘ 


until 18 months of age, 1,500 units/day from 
18 months until 5 years of age, and 4,400 
units/day during the month before admission. 
Developmentally, she sat at 7 months of ago' 
and walked and said small sentences by 2 ycars 
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The patient was born on July 25, 1949, of a | 
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f af age. Frou birth she had frequent yoriting, 
"  faw weight gain, anoresia, relative constipa- 


tien, and Grequent upper respiratory iMnesses. 


At 10 mmnonths of age she was first admitted to: 


Haniet Lane dome weighing 6.65 kg. She was 
a slim, undernourished infant with fretful dis- 
position and tendeney to vomit. 

Concentrations of calcium in the scrum 
ranged from 12.2 to 16.2 mg/100 ml; phos- 
phorus, 4.0 to 5.8 mg/100 ml; alkaline phos- 
phatase, 9 to 1S Bodanski units/200 ml, The 
concentration of nonprotein nitrogen in the 
gern was 32-19 mg/JO0 ml and the content of 
eabon dioxide 23.3 mimnole/], Urinary exere= 
tion of phenolsulfonphthatein after intravenous 
injection was 60% in 2 hours, 

An intravenous pyelogram was normal with 
no evidence of nephrocalcinosis, Roentgeno- 
grams of the long bones disclosed slight ostco- 
porosis with relative increase Jn density of the 
epiphyseal plate. 


During a 4-month period of hospitalization, ’, 


while recviving milk and },000 units of vita- 


min D per day, sho continued to vomit and 
was discharged weighing the same as at the. 


time of admission. 

Between 14 and 26 months of age vomiting 
ceased and she gained to 8.86 kg. The con- 
centration of calcium in the serum during this 
. period ranged from 12.7 to 16.4 mg/100 ml, 
She was not scen at the Harrict Lane Home 
from 26 months of age until 5 years of age. 

At 3 years of age anorexia except for milk 
was a problem, and there was gradual onset of 
polyuria, polydipsia and occasional headaches. 
Three months before the second admission she 
became listless and intermittently complained 
of abdominal pain and vague pains in the ex- 
tremitics, Two months before admission an 
episode of severe abdominal pain occurred 
with fever and Icukocytosis (30,000/min’). 
Because of these findings and a rigid abdomen, 
exploratory Japarotomy was performed at an- 
other hospital. White plaques were noted over 
the peritoneal surfaces, which on biopsy proved 
to contain calcium. She remained listless and 
suffered from generalized pruritus, A right facial 
palsy developed whicl resolved partially be- 


fore admission. 


Physical Findings 


At the time of admission to the Harrict Lano 
Home at 5 years of age the weight was 11.5 
kg, height-age of 3% years. She was slim and 
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undernourished with an apathetic appearance. 
She preferred to lie down, whimpering when 
disturbed, The blood pressure was 120/90 mm 
Hg. The skin over the alxlomen and lateral 
aspects of the trunk showed a faint café au lait 
discoloration, ‘here was redness of the left con- 
junctivac. Slit-lamp examination revealed fine 
crystalline deposits beneath the conjunctival 
basement membrane. There was brownish dis- 
coloration at the base of the teeth. Abdominal 
palpation disclosed variable tenderness with 
muscular guarding, mast marked in the left 
upper quadrant, No mass was palpable. 
Pressure exerted over the wrists and knees 
caused pain, though no redness or swelling was 
discernible, There was slight facial weakness 


‘on the right. 


Laboratory Findings 


In the scrum the concentration of calcium 
was 17.1 ing/100an!; that of phosphorus, 4.8 
mgz/100 ml; alkaline phosphatase, 15.4 Bodan- 


j sky units; nonprotein nitrogen, GO mg/100 ml; 


and total protein, 7.9 gm/100 ml. The content 
of carbon dioxide was 23.3 minole/] and the 
concentration of citrate was 5.3 mg/100 rl 
(normal 2.5 mg/100 ml). The concentration of 
hemoglobin was 11.0 gm/100 ml. with a Ieuko- 
cyte count of 10,700/mm’, Urinalysis showed 
a trace of albumin, no ccllular clements, maxi- 
mal specilic gravity of 1.014, and a 4+ Sulko- 
witch test ‘for calcium, Urinary excretion of 

phenolsulfonphthalein was 40% in 2 hours. 


Roentgenographic Findings’ 


Roentgenograms of the abdomen disclosed 
aephrocalcinosis in addition to mottled density 
in the perirenal areas, The intravenous pyclo- 
gram showed poor concentration with delayed 
clearance. Roentgenograms of the skull re- 
vealed calcification in the falx cerebri, tento- 
rium cercbri, petroclinoid ligaments and - ins 
ternal carotid arteries (Fig. 1). The base of the 
skull did not appear abnormally dense. Roent- 
genograms of the long bones showed relative 
osteoporosis (Fig. 2) with prominent trabecus 
lar pattern, periosteal clevations along the shafts 
and a band of sadiolucency in the subepi- 
physcal portion of the long bones. The epi- 
physcal plates appeared relatively dense. 


Initial Assay ef Vitamin D 


Determination of vitamin D Mm serum ob- 
taincd in September, 1951, was performed by 
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Fic. 1A, Anteroposterior projection showing calcification tn tho falx cerebri 
Ve and the carotid arteries (arrow). 


Dr, Bemard Spur, Director of the Milk Re- 
search Laboratory of the Children’s Hospital of 
Philadelphia, and showed a concentration of 
23 units of vitamin D per milliliter of plasma, 
as compared to a normal value of 0.66-1.65 
units/ml noted by Warkany and Mahon.?? Be- 
cause of an insufficient amount of scrum, this 
test was performed on only four rachitic rats 
instead of the usual 8 or 10 animals. The result 
must therefore be taken with some reservation. 


Course (Fig. 3) 


Excar.rion or Catcrum in Unie: During 
the hospitalization of 2 months the patient was 


weak, listless and complained of occasional pain 
in the abdomen and extremitics, Initially, while 
receiving a milk dict, the 24-hour exerction of 
calcium in the urino was 135 mg, After 2 weeks 
of. receiving a milk-free dict, the 24-hour url- 
nary exeretion of calcium on two occasions was 
less than 40 mg. 

llyrencaceric “Criss”; On September 23, 
after 24 hours of poor fiuid intake, slic come 
plained of severe abdominal pain; the abdomen 
was noted to be sigid, the leukocyte count was 
30,000/mm! and the blood pressure rose from 
128/90 te 210/1G0 mm Hg. She vomited 
blvod-stained material, had a generalized con- 
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Fic, 1B, Lateral projection showing calcification of petroclinoid Ngament. ™ 
: base of tho skull docs not appear selcrotic, 


vision, and lapsed into coma. The concentra- 
tion of calcium in the serum was 16.0 mg/100 
ml, and that of phosphorus was 6.8 mf/100 
mt. Sodium EDTA® (sodium Versenatc?) 
was given intravenously, 200 mg over the first 
hour and 800 mg over the next 16 hours. 
Within 30 minutes she regained consciousness 
and 6 hours thereafter was able to retain fluids 
orally. After 8 hours of therapy the oxalate- 


precipitable calcium in the scrum was 12.8 


mg/100 ml, with a total ashed calcium of 15.7 
mg/100 ml, 

Subsequently, the blood pressure remained 
elevated between 130/90 and 210/160 mm 


° Sodium ethylenediamninctetraacctate. 
Lamb soup “recipe”: 

1% cups stratned lamb (prepared baby food) 

2% ths. sugar 

h tsp, salt 

2 tsp, olive ofl 

2% ths. rice flour 

$2 oz. water 


lig, being seainlly 160/110, There was no re- 


sponse to administration of Raudixin® or intrae 
muscular administration of magnesium sulfate. 
The concentration of non-protcin nitrogen ree 
mained clevated between 85 and 60 mg/100 
ml, ' 

in orde? to exclude the possibility of para- 
thyroid adenoma, an exploration of the neck 
and anterior portion of the mediastinum was 
performed and no adcnoma was found. 

On October 1, the patient had 4 second 
“crisis,” though symptomatically not as severe 
as the first. On this occasion the concentration 
of calcium in the scrum was 18.2 mg/100 ml. 
She was again given sodium Versenate® intra- 
venously with improvement. 

Contisony. Trmnarys On October 2, oral ad- 
ministration of cartisone, 100 mg/day, was be- 
gan with a gratifying fall in the concentration 
of calcium. Befure cortisone therapy, the con- 
centration of calcium was 14.7 to 18.2 mg/100 
ml, and the alkaline phosphatase activity was 
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Fig, 2A, Roentgenograin at 11 mouths of age Jano” 


1050) showing slight ostcoporasis and relative den- 
sity of the epiphyseal lines. 

ee 

a> 
Fic. 21, Roentgenogram at 5tis years (September 
1054) (second admission to the hospital) showing 
relative osteoporosis with prominent trabecular pat- 
tern, periosteal clevations along the shafts, rela- 
tive density of the epiphyses, and a band of 

radiolucency in the subepiphyscal area, 


32.0 to 17.3 Bodansky units; the concentration 


of citrate in the serum was 5.3 mg/100 ml. 
While receiving eortisone therapy the concen- 
tration of calcium in the serum was 11.8 to 
13.7 mg/J00 ml and the alkaline phosphatase 
activity was 3.2 to 11.1 Bodansky units, The 
concentration of citrate dropped to levels of 
1.8 and 2.8 mg/100 ml. She continued to re- 
{use most foods other than milk, which she was 
allowed to take, While on this regimen the 24- 
hour urinary exerction of calcium was Jess than 
40 mg/24 hours on two occasions. 

On November 3, 1954, multiple petechiae 
were noted over the lower extremitics but these 
disappeared in 8 days; the platetlet count was 
3k8,000/mm?, 

The dosage of cortisone was gredually de- 
ereased and, finally, administration was discon- 
tinucd. On November 11, she was discharged 
from the hospital with a mandatory fluid intake 
of 1,000 ml/day, with milk as desired. No vita- 
min D was given after admission or subse- 
quently. 

Five days after administration of cortisone 
was discontinued, the concentration of calcium 
in the serum had risen to 14.6 mg/100 ml, and 
after 2% weeks it was 16.4 mg/100 ml. Or No- 
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vember 80, the oral administration of 25 mg of 
cortisone daily was again begun and the con-. 
centration of calcium in the serum fell to 13.4 
mg/100 ml. In January 1955, the dosage of 
cortisone was reduced to 12.5 mg/day, and 3 
months later the concentration of calcium had 
risen to 15.6 mg/100 inl, Henceforth, 18.5 mg 
of cortisone was given per day until November 
1955. The dosage of cortisone was then gradu- 
ally reduced and administration was discon- 
tinued without a subsequent rise in concentra 
tion of calcium in the serum. 

At the tine of discharge from the hospitel a 
fin abdominal mass was palpable in the left 
upper quadrant, ‘This enlarged further during 
the subsequent week and was associated with 
moderate pain, Roentgenograms of the abdo- 
men disclused a mottled radio-opagque mass In 
the left upper quadrant, One month later the 
mass was no longer palpable, nor was it de- 
monstrable by rocntgenograms, This was pre- 
sumed to be spleen which became infarcted 
and receded, with probable atrophy. 

Low Caxcium Du:ts: In February 1955, be- 
cause of persistent hypercalcemia while receiv- 
ing cortisone and ad libitum Ingestion of milk, 
sho was given a dict low in calcium with elimi- 
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Fic. 2C. Roentgenogram at S%s years (March 
1955) discloses increase in the width of the sub- 
epiphyseal rarefaction with minute trabecular frac- 
tures noted at the ends of tho long bones. Tho 
rclative density of the epiphyses is again noted. 


nation of foods of high-calcium content and 
substitution of a “lamb soup”® for milk, In spite 
of the unpleasant taste of the lamb soup, she 
took 600 ml/day, which contained 27 mg of 


_ ealcium, The total daily dict was analyzed on 


two occasions and ained 58 mg/day and 
80 ng/day of calcium, respectively. 

From the time the dict low in calclum was, 
introduced there was gradual and remarkable; 
improvement in personality and activity, From 
a listless, fretful child she became active and 
pleasant. 

Concentration oF Vitanin D im Serum: 
Six months after admission and discontinuation 
of administration of vitamin D, a vitamin D 
assay of sernm revealed a level of 5 units/ml, 
which is above the normal of 1 = 0.5 units/ml, 
A vitamin D assay performed in June 1956 re- 
vealed a vitamin D level in the serum of 2.0 
units/ml. This «was after 21 months of a regi- 
men without added vitamin D. 

Citrate, Tuenary: The concentration of cal- 


_clum in the serum continued to be at the upper 


limits of normal in spite of the Jow Intake of 
calcium, and the urinary excretion of calcium 


* Sco recipo in footnote on page 261. 
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Fic, 2D, Rocntgenogram at 6A years (February 
1956) discloses re-mineralization of the radiolucent 
areas with healing of the minute trabecular frac- 
tures, calcificaifon in the periosteal elevations, and 
deerease in the relative density of the epiphyses. 


was high (108 to 208 mg/24 hr), In September 
J955, in an effort to reduce the hypercalciuiia, 
she was given Poly Citra® (molar sodium and 
potassium eltratc),” 45 ml/day. After 6 weeks, 
the dosage was reduced to 20 ml/day because 
of alkalosis, With this therapy the urinary ex- 
eretion of calcium fell from 108 to 87.5 mg,/24 
hours, Balance studics revealed a negative cal- 
cium balance of —94 mg/day just before cit- 
rate therapy and —23 mg/day after 6 weeks 
of citrate therapy. The concentration of cal- 
cium in the scrum was 11.4 mg/100 ml at the 
onsct of citrate therapy and 11.) mg/100 mi 
after 6 weeks. During citrate therapy the con- 
centration of citrate in the serum was high, 
ranging from 6.2 to 8.3 mg/100 ml. 

In February 1956 the concentration of cal- 


_cium in the scrum was 12.0 mg/100 .nl and an 


additional 100 mg of calcium was given in the 
dict in the form of calcium Jactate, 700 mg/ 
day. After February 1956, the concentration 
of calcium in the scrum remained between 10.9 
and 12.0 mg/100 ml and the intake of calcium 


* Supplicd by the Willen Drug Co., Baltimore, 
Maryland, This preparation supplics 1 meq each 
of sodium and potassium/ml. 
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Fic. 3. Course from September 1954 through June 19357. The numbers at the top of the diagram indicate the following events: 1) Hypercalcemic 

“crisis” treated with 1 gram of sodium Versenate® intravenously over a 16-hour period. 2) Surgical exploration of the neck and anterior mediasti- 

num revealed no parathyroid adenoma. 3) Second hypercalcemic “crisis” treated with sodium Versenate$ intravenously. 4) Discharge from hos- 

pital. 5) Beginning of clinical improvement. Note: The detted areas indicate the normal range for calcium and plovphorus. The citrate therapy 
_is molar sodium and potassium citrate (Poly Citra), courtesy of the Willen Drug Company, Baltimore, Md. 
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was gradually increased to 550 mg of calctium/ 
dav in April 1956, The wsinary outpat of cal- 
cum remained low, A balance study done in 
une 1936 disclosed a positive calcium balance 
of 152 mg/24 hours, Roentgenograms of the 
alxlomen and skull made in July 1956 revealed 
no evident change in soft tissue calcification. 

In July 1956, the citrate therapy was discon- 
tinned with no rise in concentration of calcium 
in the serum, but a rise in the urinary exerction 
of calcium did occur from 47 mg/24 hours to 
121 mg/24 hours 1 month later. The concen- 
tration of citrate in the scrum fell from 8.0 to 
9.4 mg /100 ml. : 

Between July 1956 and December 1957 the 
concentration of calcium in the serum varied 
between 10.5 and 11.5 mg/100 ml. Urinary 
excretion of calcium in November 1956 was 65 
mg/24 hours and in May 1957, 80 mg/24 
hours. During this period the concentration of 
phosphorus in the serum gradually fell from 
§.2 mg/100 ml in September 1956 to 3.2 mg/ 


100 mt in January 1957, and in May 1957 was 
§.0 mg/)00 ml. The alkaline phosphatase ac- 


fivity remained constant between 15 and 20 
Rodansky units, The dictary intake of calciuin 
was gradually increased until in May 1957 she 
was taking 480 ml! of milk daily, and either 
cheese or ice cream daily. 

Roentcenocnams or Lonc Bones: In 
March 1955, while the patient was recciving a 
dict low in calcium and 32.5 mg/day of corti- 
sone orally, rocntgenograins of the lang bones 
showed a further progression of the pathologic 
findings. The bands of subepiphyscal rarefac- 
tlon had become wider with minute trabecular 
fractires noted at the ends of several of the 
long bones (Fig. 2C). This picture was prac- 
tically the same in July 1955. In September 
1955, when the patient was in negative cal- 
clum balance, roentgenogracns disclosed re- 
mineralization of the subepiphyseal areas of 
radiolucency at the ends of the long bones with 
healing of the minute trabecular fractures. 
Further evidence of improvement was noted in 
rocntgenograms made in February 1956 (Fig. 
21). Osteoporosis of the shaft had become less 
in degree while the relative density of the epiph- 
yses had become Iess marked. Roentgeno- 
grams made in July 1956 disclosed normal 
bone structure. 

liverntension anno Rena Function: Tho 
blood pressure had been persistently clevated 


to 160/100 mm Ig or higher until January 


1956 when it began to fall and in March 1956 
the blood pressure was 106/70 mm Ig. 

Study of renal function disclosed that the 
concentration of nonprotein nitrogen in the 
scruin remained elevated between 40 and 48 
mg/100 mil. In January 1956, the urea clear- 
ance was 28% of normal, excretion of phenal- 
sulfonphthalein was 37.5% in 2 hours, and the 
maximal specific gravity was 3.014. Urinalysis 
was normal, Urea clearance in January 1957 
was 43% and excretion of phenolsulfonphthal- 
cin was 48% in 2 hours, supegesting some ime 
provement of renal function. Specific gravity, 
however, remained fixed at 1.010, 

Crown: Until December 1955 growth in 
height had been relatively slow; however, dur- 
ing the next 3 months she grew 4.5 em and 
during the next year, 11 em (Fig. 4). 

Neunotocie Cuances: During the study the 
patient displayed,evidence of nervous system 
damage. The partial right facial palsy which 
was present at the time of admission resolved 
in 2 weeks time. On October 25, 1954, a gen-. 
eralized convulsion was followed by intennit- 


DEVELOPMENTAL AGE 


5 @ 7 8 
CHRONOLOGICAL AGE 
Fic. 4. Developmental curve illustrating acvance- 
ment in height, weight and bone : te during the 
period of treatment. (Height and weight standards 
from Wilkins, L.; The Diagnosis and’ Treatment of 
Endocrine Disorders in Childhood and Adoles- 

cence, Ist Ed, Springfield, Thomas, 1950.) 
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Fi6, §. Electrocncephatogram made in June 1956 showing threo independent foci or spikes associated 
with slow waves in left occiput (01), right occfput (02), and right pre-frontal (Fp2). Electrode labeling 
is International Standard. J.1LU. EEC #10705. 


tent twitching of the right eyebrow and right 


hand for-3 days. She continued to have sci- 


aures characterized by aphonia and gradual 
loss of contact to the point of coma. Thes« oc- 
curred at intervals of from 3 days to ] month 
until December 1955. Five such episodes were 
observed during which the concentration of 
calcium in the serum was not clevated above 
the nonseizure levels. In Angust 1956, adimnin- 
istration of diphenylhydantoin (Iilantin’) was 
begun and since then no seizures have occurred. 
An clectroencephalogram in June 1956 was 
grossly abnormal with independent foct of 
spikes with slow waves (Fig. 5). 

At times there was apparent hearing impair- 
ment. Evaluation disclosed nonmal reception 
but inability to perceive sound accurately, in- 
dicating a central inability to interpret sound. 

In April 1956, a Wechsler Intelligence Test 
discloses a verbal intelligence quotient (1.Q.) 
of 67, and a nonverbal 1.Q. of 74; full L.Q., 67. 
It was again noted that she had difficulty de- 
ciphering the spoken word. 


DISCUSSION 


.The patient manifested a clinical pic- 
ture of unexplained mild idfopathic hyper- 


te 


calcemia of infancy at 10 months of age. 
No therapeutic measures were taken at this 
time to correct the hypercalcemia, and when 
hospitalized at 5 years of age symptoms of 
severe idiopathic hypercalcemia were -evi- 
dent. However, this patient differs in cer- 
tain respects from other patients with se- 
vere idiopathic hypercalcemia, She does not 
show cither the elfin facies or the ostco- 
selcrosis described by Schlesinger et al.'* in 
a review of 10 cases, 

The daily supplementation of vitamin D 
which the patient received would not nor- 
mally be cousidered a toxic dosage, but the 
initial concentration of vitamin D in the 
serum was clevated (23 units/ml of serum) 
and only gradually fell to within normal 
limits 2) months after administration of 
vitamin D was discontinued, at the time 
when the concentration of calcium in the 
serum became normal, 

The osscous findings in this case are of 


} considerable interest since evidence of de 
i mineralization of bone was seen. Roent- 


j genograms showed subepiphyseul rarcfac- 
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tion, periosteal elevations, and relative rare- 
faction of the shafts of the long bones as 
compared to the epiphyses. These changes 
are similar to those described by Ross and 
Debre? in cases of vitamin D intoxication 
in children. However, rocntgenograms in 
this case did not show the marked increased 
density at the epiphyseal plate which is 
usually noted in both vitamin D intoxication 


and idiopathic hypercalcemia, Certain ex." 
pertinental findings are of interest in an ate, 


tempt to understand the bone picture dis- 
played by this patient, Harris and Innes” 
found that high doses of irradiated ergos- 
terol given to rats initially resulted in in- 
creased deposition of calcium in the bone, 
particularly at the epiphyseal line. With 
prolonged therapy, demineralization oc- 
curred with resorption of the subepiphyseal 
spongiosa, With time they noted that the 
renal exerction of calcium increased, re- 
sulting in negative calcium balance. The 
demineralization is probably a direct effect 
of vitamin 1D on the bone tissue and it is 
possible that the demineralization of the 
bone in the patient studied by us was due 
toa prolonged cumulative effect of vitamin 
}), As hypercalcemia improved, remincral- 
ization took place, even in the face of nega- 
tive calcium balance, The source of calcium 
for remineralization was therefore endogen- 
ens, cither from soft tissue deposits or from 
redistribution in the bone itself, The latter 
possibility seems more likely since there 
was no evident decrease in roentgeno- 
graphic evidence of soft tissue calcification 
ai the time of remineralization. Jt is felt 
that the unusual duration of the disease 
fostered the changes of demineralization. 
Hyperealciuria may have acted as a safety 
valve to allow the disease to persist so long 
before severe symptoms of hypercalcemia 
were present. 

In addition it should be emphasized that 
the patient has now been followed for 2 
years since the concentration of calcium in 
the serum returned to normal (3% ycars in 
all). During this period she has received a 
full diet with 480 ml of milk and no added 
vitamin D, and on this regimen has bee 1 


normocaleemic with a normal rate of 
growth, Though not conclusive, this follow- 
up does not implicate any other factor as a 
caus: for hypercalcemia in the absence of 
suppiervental vitamin D. 

The fall in the concentration of phos- 
phorus in the serum noted in this patient 
during convalescence is of interest. Howard 
and Meyer*! reported a low concentration 
of phosphorus in the serum during the con- 
valescent period in adults with vitamin D 
intoxication, 

The concentration of citrate in the serum 
was initial: slevated, a finding which Har- 
rison® observed in hypervitaminosis D. Ie 


_ noted that elevated citrate levels have heen 


found in a variety of conditions in which 
demineralization of the skeleton and hyper- 
calcemia ocew. Winherg and Zetterstrom™ 
reported a low concentration of citrate in 


the serum in hypervitaminosis D, and Forfar ‘ 


and associates’? noted a Jow concentration 
in idiopathic hypercalcemia, but too few 
determinations have been made in such 
patients to permit any conclusions concern- 
ing tho significance of cilrate levels in hy- 
perealcemic states, The subsequent citrate 
levels disclosed low to normal values during 
cortisone therapy, high values during ci- 
trate therapy, and normal values after ad- 
ministration of citrate was discontinued and 
osscous healing had occurred. 

The fundamental reason why idiopathic 
hypercalcemia should occur in infants re- 
ceiving moderate dosage of vitamin D is not 
settled. There could be a physiologic differ- 
ence in the response to vitamin D. Follis et 
al.3" have stated that there is a wide vari- 
ability in the vitamin 1D requirements in 
infancy. A second possibility is a metabolic 
defect in the degradation mechanism of 
vitamin D such that excessive accumulation 
of the vitamin could occur. In this regard 
Fyfe demonstrated high concentrations of 
vitamin A in the serum with a greater than 
normal rise after oral administration of vita- 
mine A to patients with idiopathic hypereal- 
cemia of infancy. He suggested that there 
might be a concomitant defect in the meta- 
bolic handling of vitamin 1D. Fellers and 
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S IDIOPATINIC HYPERCALCEMIA 


S Scluwartz”* have reported studies of coneen- 


trations of vitamin D in the plasma of two 
infants with hypercalcemia, osteosclerasis, 
and mental and physical retardation, Both 
of these infants had high concentration of 
vitamin D in the serum, The levels were 
comparable to those found in two children 
who were given 100,000 units/day of the 
vitamin, This sugvests some abnormality in 
the vitamin I metabolism of hypercalcemic ¢ 
infants. The assays of vitamin D in the 
scrum of the patient studied by us also sug- 
gest failure of normal metabolism of vitamin 
1), On the other hand, Morgan and co-work- 
crs have recently obtained vitamin D as- 
says in the serum of two paticnts with idio- 
pathic hyperealeemia in, infancy. The re- 
sults, performed by the same laboratory as 
the latter two determinations in the patient 
studied by us, were within normal limits. 
The paucity of determinations of concentra- 


tions of vitamin D in the serum of infants 


with hypercalcemia and the discrepant re- 
sults reported prevent any conclusions from 
being made concerning the fundamental 
metabolic disturbance. 

Whether the role of vitamin D is primary 
or secondary, it appears to have been con- 
tributory as a cause of the hypercalcemia in 
this particular case. Since a daily intake of 


, 400 units of vitamin D has been shown to be 
adequate for normal growth and prevention 


of rickets in infancy," it would seem ad- 
visable to limit the prophylactic vitamin D 
doses to this level rather than incur the 
danger of hyperealeemia on higher dosage, 
rare though it may he. 

Clinically, several points are worthy of 
note. The retardation in growth rate per- 
sisted throughout the period of hypercal- 
cemia, When the concentration of calcium 
in the scrum retumed to normal and the 
osscous abnormalitics improved, an accel- 
crated growth spurt occurred, followed by a 
normal rate of growth (Fig. 4). The hyper- 
tension gradually resolved, with normal 
blood pressure being obtained when the 
conccntration of calcium in the serun re- 
turned to normal, Other effects of hyper- 


. calcemia left permanent residua. Ren.! 


~ 


function showed only slight improvement. : 
Personality function and seizure frequency |; 
improved with time but the intelligence tle | 
fect and perceptive hearing defect showed 
no appreciable improvement, 


SUMMARY 
A enso of idiopathic hypercalcemia pres- 
ent from carly infancy and diagnosed at 5 
years of age is reported in which the serum 
assay of vitamin 1) indicated elevated levels, 
After discontinuation of supplemental vita- 
min D and a dict low in ealeium the con- 
centrations of calcium and vitamin D in the 
serum pridually returned to normal over a 
period of J§ months, Roentgenograms of the 
bones showed evidence of demineralization 
rather than increased density as reported in 
other cases of ,“idiopathic” hypercalcemia, 
During a subsequent 2-year follow-up the 
patient has maintained a normal serum cal- 
cium, The etiology is discussed with pur- 
ticular reference to the role of vitamin D in 
this case. : 
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Adminstration of vitamin D in “high dosage 
produces estrtasseous calcitication, renal failure and 
usually hypercalcacmia, with a characteristic set of 
aymiptonty Cleans, (9S0). Its cflects on bane have 
been alluded to in a number of publications Jeans, 
19SG: Koss, 1982; Debré, 1948: Anning, Dawson, 
Dolby and (ngeam, (948: Ross and Williams, 1939; 
Tumulty and Howard, 1942: Dianowski, Winkler 
ead Peters, 1945; Howard and Meyer, 1948; 
Precman, Rhoads and Yeager. (946; Thatcher, 
TONE). ty adults the characterstiy roentgenologic 
‘hone finding * carefaction, Un children . s<cfaction 
is alse reported, but with Uie additional finding of 
increased density of the zone of provisional calci- 
fication, and pernasteal thickening oss, 1952), 

The following ease report, demonstrates that 
excess investing at vitamin HY nny he acconminied 
by a severe degice of asteosclerasis, which is revere 
sibic, in addition to its octier known effec's. 


Case History 


A Sh-year-ald white boy wag admitted to the Ortho- 
pacdic Hospital Clinic complaining of pain in the right 
leg and flat fect. At the age of 3 he was considered 
elsewhere ta have rickets on the hasis of a ‘peculiar 
feeling to the bones of the skull"and radiographs of the 
wrists. Tle wats given (wo capsules of vitamin LD daily, 
each contioing, $0,000 units, in addition to two table. 
spodas ar more at cod liver oi! and multivitamin drops. 
A few montos after this he developed nausea und non- 
tender recurrent Jamps the aze ef halfa lemon, over beth 
tihias. flrs physician preseribed vitamin C and the 
lumps dieippeared. ta addition ta the vitamin therapy 
at home, he was given a tease aful of cod liver ol daily 
at nurery whool, After nine months of this therisoy 
he became intible, restless and nauseated, and the 
viliauns were stopped by the fantily. At the age of 
4). a deipnosis of rheumatic fever and anaemic was made 
and treatment wats started with ferrous sulphate and 
soda saticy fate.  Pfis appetite was good, but he con- 
tinued te be irritable and restless, sleeping only five 
hours at night. Ouring the cnsuing year his refusal 
to participate in school activitics was ascribed by his 


* teacher to stiffness in the extrensities. 


His birth weight was & Ib. 8 oz. He was the son of a 


373 


young woman who was married and separated befure 
the child was bari. Labour and delivery were normal. 
He was breast fe Sor eight months. Me sat at $ months, 
stood at 10 monihs, and walked at t) months. His 
first tooth erupted al 4 months, 

He was brought up chiefly by the mother's purentr, 
while the mother warked. At an early age he had u 
tonsillectomy, adenaicetomy and circumcision. He 
also had meisles. 

Physical examination revealed an alert, hyperactive, 
well-devcioped and navrished white boy (Fig. 1). There 
was increased A-P duumeter of the head with a suggestion 
of frontal and parietal bossing. The eyes, ears, nose 
and throat were normal. Dentition was normal, and the 
teeth appeared healthy. The thyroid gland was not 


fou. 0.—- The Potient at $4 ‘pears of age. 
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ARCHIVES OF DISELASL IN CHILDHOOD 


palpable Phe thanas showed beading of custochanded 

pu tients The trcset, hangs and abdaanen showed no 

abnormalities. The genitals were normal fora hay of 5. 

The testes were iy the serestiitt, 

The epiphysedt! regions af the tong bones were stacky 
and brad. Phere Wty 60 tenderness OF pin. there 
Wars everseeut af the os Galen sand toss of the longitudinal 
arch bilaterally | There wats same spasin of the left 
pavtus forterts ariscte and -degice Nerion contractures 
at the Baces. Eby skim ws clear. There were no 
palpable cateits  deparntts anywhere. There wis a 
Treated cochyniases 08 the fateral aspect of the tght 
ilrigh. . 

A complete blood cout streavecal U 70 erviltocrts erytheer 
evtes, 12-8 g. Harcmegtobin, 10.400 fencogytes, with 40", 
polymerphs, 82°, lymphaestes. 47, cosinaphils, and 
4", transitional fori. Ucine analysis showed pile 
yellow uring of specihic gravity 1,005, acnt reaction, 90 

: shige, BECLINE, albumin at formed elements, Urine 

Nee. catciuar was 0-19 g. ina Z4-hour volume of 1,780 mi. 
- WOR ' Serum calcein wis 17 mg. per 100 mt, phosphorus 
oe na $-2 mg. per WOO mt, alkaline phosphatase 19 King- 
: et oma ace. emi atnes erent le Ae ae + Gath Armstrong units, rend plraspriatiase 5-3 KimgeAristrong 
fer 2. Radupearh ot dated examingtion Nate alternating hands Units. and yproten-bound wading @-K Ye. Se Radio 
Of decreased and inateared density wendy a radius andl ulna. graphs showed generalized increase in density of the 

bones, Alternating bands of decreased and increased 
ayn ENe TOT ° : density were present in the metal ses, best scen at the 

f : wrist (Fig. ay The cortices of the metatarsals, meta- 

i ‘ carpals, aod phalanges were thickened. Metaphyseal 
; } areas were a little wider than usual und remodelling 
had met proceeded normally, There wets same ef- 
croachment on the medullary canals at the cms of the 
long bones and in the shaft, citsed possibly by thickened 
cortes. ‘The base af the Shull and cranial vault were 
increased in density CHIig. yy. The petrestinoid ligaments 
were heavily caleiicd, Periarticular catcstications were 
present about the feet. hips. hands, ankles and shoulders. 
Kidney stindows were dlense but not markedly $0, The 
Tumbar spate showed dense and square appearing 
vertebral bodies (fig. 4). Intervertebral discs were not 
calciticd. Soft tissuc caleification ofr Pertosteal new bone 
could be nade out alone the sternum. 

A chest filin gidde twa years previously showed no 
abnormalities in the lung fields, and normal bone density. 
Pils of the wrists and shull aide one and a half yours 
previously shawed normal bone density (Figs. 5-6). 
Zones of provisional calcification were maintained. The 
epiphyseal lines were not walened. Bony inaturation 
corresponded satisfactorily with the gives chronological 
age of 4 years. The skull showed ne abnormalities. 
‘There was no roentgen cridence of rickets. 

The family wots instructed fo stop administering 
vitanne DD and presumably dig, They atid not return 
for Follow-up obsenation and care except sporadically, 
as he was under private care for general pacdiatric 
supervision. 

Radiographs were obtained at seven, eight and 10 
months after initial cuninatian. An antera-posterior 
view of the pels ater seven monthe showed a thin 

commamamatd yons of decreased density about the pelvic bones, 
Fen. J.- Shull showing gencratired increase ta density. probably representing new growth (Big. 7). Fenwral 
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ARCHIVES OF DISEASE IN CHILDHOOD 


te. €.-- Note new bone growth ot ends of radiue end vlna. 


arteries were seen to be delicutcly outlined by calcium. 
A month hater, films of the wrists showed widened zones 
of relatively decreased density about the ends of the 
long bones, presumably representing bone taid duwn 


Fen, 9a.-—Lower seiremities ot 3 years, 


since the puticnt was taken off massive doses of vitamin 
(hig. K) Perartculan calcification pemisted. Bony 
Maturasion was ahout 4 years, definitely retarded for the 
chronology: age of 6 year and 2 months, Two months 
Liter genes of tessencd denuty were seen about the 
Mehiphyses adjacent to the Knees and ankles (Fig. 9). 

Pifteen months after our first csamination, he was 
taken to his private pacdistrcian, who kindly provided 
us with data concerning lis course durng the next 
several months. He was kept in hospital at this time 
because of fever, swelling of face and abdomen, and 
hacmaturia, after an upper respiratory: infection, He 
had slight fever, tachycardias, a blood pressure of 180 $20 
mo. Hg, and moderate ocdema of face and abdomen, 
Treatment was instituted with steict bed rest, penicillin 
and avuaterate Salt sestrichion.  Parcnteral reserpine and 
‘apresuline’ -(hydratlasine) were given for ane week, with 
a drop in blood pressure to £10 88 min. Hig. An inter. 
current viral gastro-enteritis was followed by lose of 
facial oedema and asgtes.  Hlogd pressure remained 
between 13090 and 11080 mm. Hg without further 
hypotensive drugs. His weight had dropped to 40 fb. 
fram 48-$ th. on admission. flis urine which had many 
red cells on admission, cleared ty 20-25 per h.p.f. and 
he was discharged home, 


Radiographs during this period revealed bone density 
to be fess than presiously, Calcifications were present 
in the falx cerebri and tentorium. Periarticular calci- 
fications were still evident about the hips. The trans. 
verse diameter of the heart was at the upper limit of 
normal. Renal shadows were munterately dense. The 
tip of the 12th rib was appirently fractured. Bony 
maturation wat about 4 years, compared with the 
chronological ape of 6 years and 10 months. 

Lahoratery studies during this period and for the 
neat several months are Gibulated (fable 1). The blood 
pressure remained ncar 120 90 min. Hg on hypotensive 
therapy. The urine continued to show albumin, red 
blood cells and casis. The blood sedimentation rate 
and non-projcin nitrogen remained elevated. 

The family did not follow the rigid routine of bed rest 
prescribed, and sent him to school without medical 
Permission. — 

When he was seen by the author one year after being 
in hospital under De. Woltmann, he was an alert, 7-year. 
old boy with 2 uracmic odour and marked pallor. 
Blood pressure was 190130 mm. He. The fundus 
showcd moderate crossing changes but no haemorrhages 
or papillocdema, Lungs were clear, The heart was 
enlarged to percussion and had loud tones of poor 
quality. There was @ late diastole sound suggestive 
of a presystolie murmur, The abdomen showed no 
nbnormalitics. There was no ascites or edema. 
Skeletal survey by radiograph at this time showed 
continued loss of bane density (Fig. 9b). Bone of more 
normal density had been fai’ down since vitamin dowige 
had been Uiscontinucd. The overall decrease in density 
had been spectacular. Soft tissue caleiications were still 
demonstrated in the tissues about the hips. Chest film 
showed the heart to be moderately enlarged. The renal 


‘shadows had decreased in size and were increased in 
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Tass ! 
LARORATORY FINDINGS DURING 1937 


f i ‘ “ reel — Rowe 
Urinei; semagiobin uregeR (ram jhe) ., 
a (g./100 mi.» =| «mg 1100 mi.) (Winteote) 
es ee me ceeee ee ee eee = ee tee 

February 28 46 athumin, 1 LIRBE 3S 4WRCE: many cave H 

March 28 athunwn, (21S RNC 10 16K AC: many casa | : 

Mey 6 sihumen; 6 10 RCL; 10-12 W ne; gtanuler 


ae . 
athumin; 6 8 R.AC.; 10-12 W.OC.: granular 
Cavs 


4. 

3. 
ta 

4, 


~~ reef 


September 02 


density, although no definite calcifications were identitied. fat. The right kidney weighed 47 ‘. 
An electrocardiogrim was within normal limits. Hood the left kidney weighed $3 g. (nurmal 78 g.). On cut sur- 
Studics und urine analysis are tabulated (Table 2). A face the capsule stripped with difficulty, After removal 
BhAve Propnosis was given and alow protein dictonitting of the capsule the surface of both kidneys appeared 
nulk was advised. In spite of this, however, the family granular. The pelvis appeared normal, : 
insisted he attend school if at all possible, The next ‘Lymphoid tissue was grossly normat, The thyroid 
few weeks saw development of widespread eechymosis, showed cystic change. The parathyrvid glands appeared 
oozing of blood from the nose, and increased depth of — normal. The bone marrow was devp red-brown in 
breathing with gallop thythin, The family called in 
a physician iiwing nese them, who supervised his home 
care. He died suon after being readmitted to hospitat. 


(normal 74 g.) and 


Autopsy. Autopsy revealed small amounts of fluid in 
the peritoneil and pericardial cavities. The heart 
Weighed 268g. The teft ventricle measured 14 mm. in 
thickness. There were seine atherosclerotic changes in 
the first part of the aorts. The coronary ostia were 
patent. Both lungs were dark red and firm posteriorly, 
appearing juicy, bloody, and mucopurulent on cut 
section. The gastrvintestinal tract showed hacmon hagic 
Spots in ihe stomach and first portion of the duodenum. 
There was an intestinal intussusception about 6-5 cm. 
in tength, approximately 90 cm. above the ileocaccal 
valve. The liver was abnonnally heavy at 850 g. Cut 
surface showed fatty change. The spleen, pancreas and 
adrenals were normal. 

Both kidneys were embedded in a small amount of 


Tans 2 
TERMINAL LAHORATORY STUDIES 


Lehoratory Studies ! 


° 
Sern = enn canteens ae Se. eee sene~eneenem ene 


Urinalysts | Sp. gr. 1,082, pit 6-0, albumin 44; 
Sigat Negative, 19-28 WHLC., 
46 R.NC., avcauwnal epiticies 
cell, occasional broad coarse case, 
Occational Coane granular cast, 
Occasional broad W.U CG’. cast 


Complete blood count Hb 3-9 ¢ /100 mt. WAC. 10,400 ; 
lymorphs 64, lymphocytes 72, 
asorhils 1, monacyies 9, eosins- 

Phils 3, haematocent 16% 


Serum crvatining 6-1 mg./100 mi. 


Blood urea nitrogen 108 mg./100 ml, 


' 
Serum | 4-7 mig ‘litre 
Serum sikatine phosphatase 


8M Bodamby waits 
Serum Inutganie phuaphorus | 9-2 mg./t00 mi. (3-3 mEq Tere) 


Serum cakium 8-4 cag. /190 ml. (4-1 mEe Titee) Ft0. Pb.—-Lower cuirgmities #1 1) yvars, showing eaurve of —<ceretie 
bony peusers, 
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colour, The brain was grossly normal, but was increated 
in weight to 1,165 @. The Pituitary gland was normal, 

On microscopic section, the heart showed hypertrophy 
and coronary atherosclerosis, The lungs showed meta- 
static culcrfication of the alveolar wall ond peribronchial 
tissue. There was uraemic pneumonitis. The gastro. 
intestinal tract showed haemorrhage in the small intestine 
and multiple metastatic calciication of eastric glands. 
Fi cre was minimal fatty change in the liver. Metastatic 
calcification was present in the adrenal glands, but not 
in the spleen or panercas. The pathologist's description 
Of the hulney sections follows: 

“Practically atl glomeruli are fibrotic and there is very 
extensive atraphy of tubules. What glomeruli remain 
show at times adhesions and at times crescent formation. 
There is a marked interstitial fibrosis and inlammatory 
reaction with striking deposition of calcium throughout 
the renal parenchyma. Calcium is found in both 
Cortex and medulla. At times it lies within tubular 
cells, at other times within glomeruli and most frequently 
appears to tie interstitially. There is extensive intimal 
Proliferation of both small arteries and arterioles,’ 
(See Fig. 10) 

The bone marrow (Vig. 11) showed osteoporosis, 
Parathyroid tissue was hyperplastic. 


Discussion | 


Increased density of bone is seldom seen and 
always presents an interesting problem in diagnosis, 


The possibility of marble-bone disease was quickly 
dismissed wien the serum calcium level was reported. 
It appeared highly likely that the excessive ingestion 
of vitamin D was the cause of his presenting com- 
plaints and striking findings. It is not possible to 
exclude hyperviiaminasis A, Vitamins A and D 
are combined in most dose forms, and information 
teparding exact dose form is not available in the 
Present instance. : 
; That the excess deposit of mineral is actually 
A resull-of excessive vitamin ingestion seems likely 
in view of the following considerations. First, the 
history and findings Apart from the skeleton are 
consistent with the known syndrome of vitamin D 
intoxication. Second, the dose and duration of 
inecstion of vitaniin D were greatly excessive. 
Thicd, reported cases of vitamin 1 intoxication 
with bone demineralization were mostly older 
people and patients with theumiatoid arthritis. It 
is plausible to believe that skeletal maturity does 
not favour deposition of mineral salts. Further- 
more, metabolic forces against skeletal mincraliza- 
tion exist in rheumatoid arthritis, an inflammatory 
disease with catabolic, or at least: anti-anabolic 
effect an bone and other Supporting structures. 

It seems reasonable that a child's Browing skelcton 
would react to a high concentration of circulating 
calcium by incorporating it in the skeleton at areas 


of epiphyseai and membranous growth. The dis- 
tribution of excess mineral deposit in long bones is 
consistent with this type of orderly deposition. 
Known actions of vitamin 1) relate to improved 
absorption of calcium and phosphorus, rather than 
to specific eflects at the level of hone mineralization. 
Thus it should be possible to correlate skeletal 
Calcification with the level of serum calcium. A 
study of the ionized calcium level would have been 
valuable. 

A Striking parallel to the Present case is cen in the 
Cases reported as ‘idiopathic hypercatcaensia’ ( Lowe, 
Henderson, Park and MecGreal, 1854; Creery and 
Neill, 1954; Creery, 1953; Payne, 1952; Lightwood, 
1952; Fellers and Schwartz, 1958; Fanconi, Girardet, 
Schlesinger, Butler and Hlach, 1952). The main 
clinical and laboratory features are similar, except 
for the onset and duration, and the presence of the 
*elfin facies’ and associated sequelae, 

An interesting feature of the Present case is the 
prompt reversal of bone density on discontinuance 
of vitamin D therapy. This lcpan before evidence 
of renal failure appeared. Later Progressive bone 
demincralization should properly be ascribed to 
renal failure with acconipanying acidosis. A finding 
Supporting this view is the presence att autopsy of 
Osteopurosis in the bone Sections, representing loss 
of nore than the expected amount of bone substance, 
Closer observation of calcium nctabolism might 
have changed the outcome. It is known that renal 
damage secondary to hypervitaminosis 1) is rever- 
sible. The presence of a constant Steady stream of 
calcium from hone to blood stream was undoubtedly 
responsible for progressive unrelenting renal damage: 
It was not possible to test the effect of cortisone or 
other drugs on the serum calcium level. 

The chicf value of the present case report appears 
to be the demonstration of a mechanism for quan. 
titative increase in bone mineral in humans. Many 
interesting studics could be planned on similar 
Cases. Jt is hoped that the report of this case will 
stimulate others to make further careful obser- 
vations in the rarely available similar situation, 


Summary 


A case report of a young boy wha ingested large 
quantitics of vitamin D over a period of one year 
cemonstrates that reversible increase in bone 
density may occur, with severe calcinosis and fatal 
renal failure. 

The extent and distribution of the osteosclerosis 
differs from that reported in vitamin D overdosage 
in children and resembles somewhat the picture 
Seen in the severe cases of ‘idiopathic hyper- 
calcaemia’, 
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A synGrone chsracterixed by i¢iooathic hyrerceicenta 
associntca when mented revardn lar, usriian, cud onteusclcro~ 
sis vas first AcScribed by Fanconi in 1.952. In thet sate year, 
Tipntuand dcscribed “a similar, dut Less grave, condition, 


characterized hy arrested osourt » 240rex%1is, vonitine and conse 
tipation, witn hypercaleaaia and hyserczotenia. The forn 
described by Fanconi has been given tre naae of grave fora, 
while the sccond, wore Frecucntiy encountered, 48 ealleda tho 
mild form oF Léionathic hnypercrlccuia, 


Tne a gators of the forma deseribcda by Fanconi ere montal 
retardation, dyuarfism, the characteristic facies vith snall 
eraniun and eves ‘dings jax, vomt ti ng and sonstination, muscular 
hypotonia, ireit roility, hypertension, polyuric ond polydypsia, 
achydrationa, Loud Sp adpaasicnie 1 aula wefan, élouninuria, py- 
uric, oS eleinination of 2eiun in tho urine, hyperazo- 
tcm 1, ny: ye-seholes tcrolenia, hy perc: sleeutle, alkaline ~iosphatase 
level sonecines ineraased but ost orten decransed, 741d acido- 
81S, OStcoseclerosis associated in some cases with prce:ature clo- 
sing of the sutuccs with craniostenosis. Also found on feveral 
occnsions 28 TeC~el varalyeis in the peri phe are: (Morgan 
et ~1,, Koweres:;. The malady ‘: wost eften found in children 
undur a yenr o1€. In Snitn's case, the patient of § showed 
enlcoporu..o, triasi tory shal prealysis, end convulsive actig- 
vit: fron munerous foci in the Ee (S with et 2l.). Lens also 

obs <sved miniiestations oF & xenthawn.tous type ond hepatosplrno- 
WCES..¥. probably dankeG with hypercholesterolomia. Prognusis 
in (ae graye fora is reserved, Sinec it ie ticd in with the 
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frequent apparition of issoversible ronal inaufficioncy. E504 


‘The oysntee : in tine salld fowia are more subblo. They ine 
cludo mnevexia, vewiting, constipscioen, Joss of woinit, hypora- 
notcnia, mila Leidouis, “ny poceslee: it and hynsercalciuria asso-- 
ejatod with 4 coriain increzss in bone dencaty, end arterial 
hyportonsion (Wineberg, Lowe). .Tho progvosis, if thorapy is 
initiatod eurly enough, is benign in such casos lcvevor, tho 
borderline botyveen tho pravo and mila focns is not clearly do- 


fined. 


Lyperca seu _ be Cistingnishod from 
socondary ny, nlconian following on prinitive hypoxparathy- . 
roidizn, en tunors, Sacduie or ACdigo:’s disease, or — 
fron patel taahe itamian D. Tho therapy is hased on idnining .. 
tration of cortisono to hinéer irtestinal absorption of calciun 
(Wincebers of al.j, and sociun phyvate, and on @ Giot of decalci- 
fied milk, citnoxr with eat! s mothed (Peat) or by the addition 
of 1053 sodina sulvhate (Kowarski). Sodium othyl one--di-auino~ 
Lotra-aceteto usec by sone ‘is not rocomacaded by ovhors hocruse 
of & possible toxic reaction. : 


Vaile ca idiopathic hyoor aleemia reportca in the 
Anglo-Saxon and a 0 ace Numerous, and wo kaow of 
two published roy who Foench literzeinre (Royer ot @l., 
Forfar ot al.), : sees to heve been no such ccse reported 
in the Italian rooted 


Wo thought it night bo holpful, thorofore, to report two 
cases of mild idiopathic hyporcalce::ia handled in the Podiatric 
Clinic of tho Wnivorsity of Sienz, and to comparo the various 
Clinical and liboratory aspects of these with two cases of vita 
min D poisoning wo roconily observed. Bc oe 


Caso n@ 1. - B. Anzola, 9 months. 

A.F. WNothing important +0 roport. 

AP. orn noreally at torn. Birth-woight 3 kg. 

Vas novrished on wothor's milk for throo months. At the 
end of that time, sinco the baby grow litile, the maternal foed- 
ings woru intesrated with powdered skinm-mnilk. At two months, a 
Blight ceueaatious outhreak on the face, which spontaneously sxo- 
pressed cbeut tho third month. Bronehicl pnounonia at 4 movchs. 
Startins then, the beby was given 4 vitamin compound coatainiag 
2000 U/ee of vitenin Pm, is dosos of 10 drops per day. Towerds 
hor fifth monih, the baby began to exhibit irrogular vouiting 
anc anore:la. Voight fain ginco thow hes beon, extremely slisht. 
Reecutly those symptoms have heecois accontuatod. Vomiting has . 
doen were abundant and nore frequent, and anorexia moro proneune 
ced, ‘Tho baby shows 2bvndant diurcsis end intonso thirst, with 
a tendoncy towards constipation. 


E505 

Clinics) evsesinetion. Subjoct hypovrophie, woighing 
$.5 kg.  Adinouh Tayer te.ccy. SII) pole, slivhtly dolydratad, 
Visible wucesa pele. Musenbes WEHIOS Lypotroghic, hypotonic. 
Lyiph planes uncifectod. 

Nerd: conformation reeuler. Antorior font.nello al- 
mosh complcloly ossifiod. 13, OuXE, NSO, Mouth, pharynx all 
negativo. . 

Thox Syrnetieleal, gooe exparsion. Porvcussion and 
accultation “Vine L normal. 

Heast: Muxrecura within nosual linits. Tones pure and 
Clear at a11i foci. Pulse visevous, fest. 

Abdesort pliant. Rypschenéxiel organs normal. Joints. 
and articalivictn, negetive. Vxtermal genital organs novaal. 

Nexvens syste: No weningol signs. Supexrficinl end 
profound “eenee~ous normal, The hchby is frotfu], apathetic, 
shows litilo invorost in her surroundings. 


: rd 
J. ehovatoty © oxenine Zticns 


G.R.: 00,000: G..: &.700: Ib: Machi h 97; N:44% 
F.:2405: F “a i. Slight inisocytosis. 
lysi 5s Ve: pede Gluc: abs; ecotono: abs.; al~ 
®ds.3 calciuria (Sulkowich)+++; 
cherie iy nose 
AntitMoosvculin intradermorenetions neg. Caleoaie: l6ma%. 
Thos phoweinias” a.3 yee Ki Leal it.¢@ pres MAALASCS 10. Z U, Bb. Glycewlas 
106 ngrs. Alkalino reserve: 60 vol/litcex. Axvotoinie: 30 mer. 
Vhosphatucia: 37 wer. (ss age hes). Chiercaia: 86 ntq/litor. 
Socinentation rate: 22 mafia « otzl protoins: 6.8 gris. Rloc- 
trophoresis: alb.: 60. aihzal pray ? Syalghag: li. g4:hota: 11.3% 
ganar; 8.6%. Eyo socket examination: netative. Radiol orical 


SE ecladianad amidated ——— 9 


oxanination .of cx conv No Sigas oY ordocrenial hyportonsion; 


ee meee ee <a Oe en a, em 


no endocrinici Caleivication. “Radiclotics J | oxcinination of tho 
skeleton: no focussed skolotal artorzvions. isietarded appoar— 
aia priynna tial incen spiel” ounces Co, ° 

shale Ol sens esata ong in tho gk was aA normal, 


RV 


pre “ax: ners. tie, 
Courso. 


Following initiation of thovapy, we OsoxrveG a ropid 
noyvmalination cf the laboratory testis, perallsling vio rogres= 
Sion of clinical symptoms end a maxkod inereaso in weight. 


At howe, when pre€nisono thorapy was erbitrarlly dincon- 
tanued, tha baby reauinod wel). for some ton days, thon beszan 
once again +o oxhibit markod anorexia, frot?ulnoss, and vous ting. 
Xeturned to tho clinic, sho wes fovnd to havo exleonia at ]eice% 
Oneo again, tho synptons rogressod rapidly following hydracos- 
titonue therapy. ‘ 
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Ywo subsequent choctkhevps iarde eno month and threo months 
after hey release, BLEwEe nowsal erlecmisa. lor condition is 
atili ceed, end her Lbedily growth satisfactory. Data on this 
cavo are sucaed up in Feblo 1. 


/ 
Case n® 2. — MM. Anici:clla, 6 nonths. 
A. ¥. Nothing inportant to report. 
A. YP. Bora nornzily at ter. Birth-woight 4 kg. . 


Ves nousished es elusive] y on mothor's milk for 2 months. 
Thon, duo to agelretizc in tho mother, was given a formula of ~ 
po.dered siiia milk. Vhon aciuitted to the clinic, tho baby had 
“shawn a f£laisht fever fox avout a wock (around B86), markod ano~ 
roxia, vomiting sfitux «litest every mecl. The aly wes glso {ret~ 
ful and agitated, particuliriy at night. Shoe hid.novor Deon .; 
given any vitamin prepsretion. , 


Clinics) oxeninetion  — , 

Gonoxal condition rundown. Skin pale, not porfoctly 
hydratod. #divose layer scanty. Muscular iassou, hypotrofic, 
hypotonic. Lynbh glands uneffocted. 5 

liead: Contor .:tion ier aad Anterior fontanolle nor-~ 
mel to tensc. Eyes, nose, mouth, ears pharynx, negativo. 

‘thovex: symactrical, good pee sion. Poxrcussion and 
ascultatijon sundiags noraal. 

lioasi: Luriurs within normal linits. Tones pure and 
cloar at : add Toei. 

hedoiobas Nypochondrial organs normal. 

; Tho buby is fretful, but takes an into- 
rost in hor eee and smiles #t hor mother. She can sit 
up alone. No moningosl signs. Superficial and profound reflox- 
os normal. 

Jainis and articulstion: no Camego. FExtorna)_fonital 


nen e-em eee tect esau cate onset 


2 4 NOs esd ty Appe eare ICC. . 


Leboxr etory exaninations: 


Antitnborenlin intradesial roa .etions negetivo. GR: 
4,100 G00; Uber GeO, ilar 8G,.5 i Wetlet 0.90: Hs 460: L: SOU: 
M: 45: Ht 1p. Urinalysis: S.W.: 1018; alb: abs.; glucose: alas; 
acetone: abs.: Galéinria “(sSuikowieh) : trs sodimont: nuworous 
exfoliation colls and 2-3 leucocytos in tho seer Calconias 
14.2 gi « Lo lnladt SS met. uve wad COMPS 3 necitivo. Avotvorias 
44 Tigie Bae Wreserre: mex. (05, jain 60. Phos noruns ae 
3.5 mph. eon He xesc.Vve: 68 vol J liter. 

Radseolesieel oO. tnntie thowaxt negative. 

Wate eesi o v! iketccton: no feocussod oxsoous 
lesions. Sirsa | hy perenveti Sen cos “ia he Yemorel motaphyso3. 

Nadiologieal exainination of abdeaon: no renal calcifi- 


cation, 


i 
i 
! 


*  €6507 
. Ridjoloios) exaninatiios of exenima: no signs of ondo- 


crpnie) WypervGusien, wo anne oat cavervication. 
Courso (ablo 2) 


After a fev days of hydrocortisone therapy (15 9g in di) 
and sediun diethyl cninototen-LCectete (given intravonously in | 
desaus of 50 we pox ke in Gi ior $ Gays), the baby bogan to oat, 
again. Fevoyr end voultiiy disap ocnred, vonacrval condition rapid- 
Jy improved, aad both hlcos und urine calciun lovels dropped to 
normal. Bjood nitrogen level quickly roturncd to normal. Tho 
baby wes relonsed after 20 deys, coaslotely rocovercd. About a 
month latex, she was ediaititod again. with an abcess on tho lcft 
check. ‘The eynptons deseribed above had not returned, and sho 
wag gasnins woight regularly. Blood anelysos showed calelun « 
JovelsS Siill within normal Linits (11.4 4%), normal phosphorus, 
{neroased akkaline phosphatase (20 U.B.). : fj 

a 


A check ae wonths latex in tho out-pationt clinic 
gho.ed that the baby was in good gonora] condition. <Asido from 
a slight rise in tho alkaline phesprataso Jovol, ‘laboratory 
findings were normal. : oe 

fo. svi up: hore wero two bebles, agod 6 and 9 months, 
showing tho sane syaptoms, basically vomiting, a halt in growth, 
and low fever, aceenpanied by hypercelcenia hut without signs 
of renal involvoment. 


Tho first paticat had rocoived &0C units of vitamin D 
por day for savoral months, while tho second had received only 
what vitamin * was in tho powdorcd milk used for hor formula. 


Now wo shall roport bricfly on the two cases of vita- 
min D intoxication we observed. 


Case 1. - A. Roberto, & months. 

“A..F. — Nothing invortant to roport. 

A.P. - Bora normally at torm. Dirth-woight 3.5 kg. 
Broast-fod cuclusively for 7 months. From then on, broast-feed= 
ings wero wugaonted with milk-and-coffeo, hot coresl, biscuits 
end fruit-joico. : 

the dehy had always been well, and grown norarlly until 
anonth «so. At that timo, 2 doctor prescribod a hoavy dose of 
vitamin Dj, thon 2 preprretion very rich in vitamin Dg (200,000 
U/ce) in doses of 105,600 U per day. Since then, tho bavy has 
shown inerossingly wore marked snorexia, and irsrozular spurts of 
fovor. Growth has stopped, and recently thore hus even beon a 
woight loss. For sovexal cays, ho has boen paloxv than usual, 
oxtrenoly fretful, and has vomited repentedly. ' 


. 
toveameewaninbetn ica einen 
eee on ee 
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C13: Git, Omensination. Sin vory pale, Gohydreled. Nu~ 
cosa quile Tree. Subecwenivous cdipose Jayer seanty. Lyinoh 
lands vit FT Ge ben Muscular misses plabiariche and hypotrophic. 
Sholotal sysien apparently vnarfectoa 


Youd: Conforaation regular. Anterior fontanolle alnost 


eu) olery “Coot ioc. syos, Oars, Nose, nouth, pharynx noe ALLVO« 


Wai vory aye: a & 


Thorax: Symmetrical’ goed oxpatsion. Poxcussion and 
ascultavion | Vindings NTMI. | 
leart: Muraurs within nowacel limits. Tones pure and - 
Clear frou zi] foci. Palso rhytiaic, pounding. Arvorial 
prossure: max. 140, min. 95. 


r 


¢ . ; : 
AbGowcn: Pliant. Hypochodx “gins nornel. 


: a 
Noxsvovs systea: Th baby ’ 0 havo marked psycho- 


motor agitetioa, sc¢coupenicd by 2 nacys crying. No 
nowroles ical insufficiency or aa signs wovo noted. Pro 
found and suporsicial refloxos nowial. P 


Laboratory oxmeinetions 


——— a nn ne 


Antiiadexenlin intradormoroaction: nogative. 


Urinalysis: Apncarence:s clear; color: palo yollow; 
Specific “orgner (008; gluc.: abs.; albuiain: slight clovding; 
acotono: ARGS caleiuria “e awh kowieh): oe oe Sodinent: 10--20 
loucocytcs in the ficld, numerous oxfoliation cells. 

G.R.t 9,500,000; G.ih.+ 9, G00; «Mbt FSR: VGr 1: Hi Gey 
-J,: 40%: Me Sts Gt 15. 

Calconia: 20 ing/%.. Phos aphoreni.3 3.9 1%; Phosphatu- 
ria: 38 mg7 14d me /24 Ten las BIKELING Phosvhataso: CF WU; 
Avotemia: 52 ng; Alkaline xoservoe: HO vor / Liter; 

Radioloricatl ¢ CLMANaAvion ¢ Le. thorax: negative. 

Waevorosiear Gxaaination of SkesLocont AO osseous alto- 

rations, no modificstions of normal growth procoessos. 

Radiolosical exaninciion of abdomen: no ronal calcifi- 


cation. as 

Blood px xotoins: 8.20. arts 

Wicecrounoresis: alb. eee , alipha 9: 
LisG%s Hacel Lah: Aeitans 14.468. Hood Od kur. g/l. 
Blood potascima: 3.0 mha/l. Noeal Chi orsz.83 Ral, oe 
ae 6.30, “ia od ey 7.38. Bloou ehoreziocin 206 ngrh. “Wie 

AV EAT s ae 
oo. of immatere rod-sorios olo- 

ments. Norwal maturation dovo- 


ae en of pr white BOLLS. 


® 
* 
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W.G.G. Sinusoid rhyilia. No signs of myocardial uffve- 
£i0n. GlLeG Aroy in the SY Jove ca the procoresial DD, proba-- 
bly indicating a slieht hypepot:sscaaia. 

BevsGe Wormal. 

Ophiialnescople eximinution: negativos 


LS LD it RD eG NCR ce OD +e A CG Ome ee ete ree 


Govesea: (Tablo 3}. : 


Aftor 16 days of hospitilisvation, tho baby's condition 
was slowly diproving. Vowiting had diswopanred, aad tho growth 
procoss resuued. She beby secnod cxlmor, and could sit up and 


é 2 

* 

4 

ay | 

=, ; ' 

® ey) 

y 3 K a a ae hy ae 

- . . 3 e ee een . 


play in bed. Blood esleivn levol returned to noraal after about ~ 


10 days. Nyperasotenia also rogressed, though somewhat slowly. 
AJ}uincauria anc yyuris disappeared sooner. A month aftor ad~. 
mission, both bivod proscure and avotomia were back to nornel. 

Aftor about iwowonths, the baby was discharged in good goneral 


Condition, ana with the blwod chasistiry restored to normal. ° 
zi Cd 2 : . : + ae ‘ ee 
Case 2. - F. Paolo, 6 months. | o 
: x 
A..F. Nothing linporlant to report. ° ‘. 


A. P. Carricd to texa, normal birth (forcops used). 
Hirth-weight 2 ke. Breast-fod for 15 days. Maternal agalac- 
tia caused switch to cow's milk. Growth was genorally rcogular, 
though a Dit slow. Ne voiaiting. Stcols always noraal. 


Starting scme 20 days bofore edmission, the baby had 
bogun irregular vomiting, usually eftor feeding, and very co- 
piously. Growth stoppod. Constipation set in. Since then tho 
patient has beca very palo, fretrful, agitated. Tho moshor roe 
ports that since tho baby was 2 month old she has beoa Giving 
him 10 drons nor day of 2 vitamin proparetion very rich in 
vitamin ) (269,000 U/ec). : 


Clinics} oxeminziion., Veight 5.7 kg. Markee@pallor 


of skin and mucosa. Subcevencous adipose layer scanty. Mus-= 
cular messes hypovonic. Lymwh glands not affocted. 


Hoad: Confoxwation normal. Anterior fontanolle 2x2: cm. 
Normal to tense. Fyes, nose, tnoxth, pharynx: nomraal. 


Heart: Nurnurs within noraal limits. Tonos puro and 
Clear at aif foci. Pulse vigorous, rhythaic, normal frequon- 
cy. Arterial vrossure: mox. 105, nin. 60. : 


Thorax: Syametrical, good oxpantion. Porcussion and 


—~ oo see ee 


ascultation Sincings nornal. 


AbConor: Plient. Liver 2 cm from costal arc. Spleon 
within Jiwits of normal. 
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Nervous Systent The baby is fret{ul, but interostad in 


his surcour ings. No wondingeal signs. Superficiz) and profecund 
roflexes nowaiel. 

Joints and articilation auzoal,. 

Mxtoeraal eae te noxiccl in confosaation. 


Laboratory exmaineations 


Sake! see te ce 


Urine lysis: Soe 1026. ens none. Glucoso: none, 
oe Thi. hie area a vary 
fov; leucocyice. “rr a a hours 
C.2.: 2, 800, OSU. } J VG: 0.98, 
N: 20 fo 0 di 05% Be sae 


e 


onetive. Caleonias 
nt . s pelted alin Gy lee Pe ge 
16 Mgt « “He anaes aie : 69 


Bodansni AGL LoS, | i 
Radiolosice > examination of ne heen : 
Wy et Vos. 7/3. liex ° ae, Posies 26 ¢ 7112506 Nairitenia: 
16 mWiO/PeCor. Potussoain: 4 Ta /liier. Blood proteins: | or.6. {ae 
Vleetro: PUOSCHAGS "ALD: “Oils. 53. G5. Alpha eo Tee Ops “AL phiag s 13 85. 
Vor 12, fone Goriaa s 15.65, 
ReGiolosical . reminetion of skeleton: Rewind hone de~ 
VoJopaent. “Howe Age YArelLo1s CaronoLovical age of pationt. 
Yhoro 15 2 sian density of the tong bones in tho spongoy ATOB, 
on tho alapnycis of the growth curtilage. 


Course (Tabio 4) 

This pationt's genoral cendition inproved. ranidly. Six 
days aftor adiission, the vomiting had consod, and the baby had 
begun to oft again, and to make ¢cod woi¢ht gains. At tho time 
of discnarsgo, 20 dzeys after adnicsion, his DiLocd calcium was ele 


togothoxr nomaal. (9 sag). 


Ono month after discharge, tho baby 72S rexacdmnittod to 
tho clinic for treatuent of bromchitis. While at home he had 
not vomited, and had gained weight. . 


OA ee Re ly Be ee = 


Blood chenistry tests producod normel results. 


The syaptons, the laboratory findings, and the favorable 
outcome mace Lb possible to mako «= fixcm dli#xsnosis, for the first 
two pationis, of age hypoxcilcenia. The diaaos ‘tic dif 
feronlial Dotwoon theso and the two babios with viteanin D poiso~ 
Nie wes possible on tho basis of case historios, since the cli- 
nical Tindiw:s, like tho oe tost results, ero practically 
identical. Ono of tho patvioats with vitamin D intoxication, 

tohoxrbo, onhloitod a clinics] picture of considerzble gravity, 
With marked iodivfiestions in tho blood nitregon level associated 
with considcsinle arleriel hypexrtcnsion, vnomia, orvious urinury 


ESt1 


anenslios, and éehydvation. Those syaptciw ero uudtoe similar te 


those of the grove forus cf idiopothic lhypercalcunia. 


It is no a 
was brought vo 
fever, hore wie al 
Neborto A, with @ravo syzpteas ci vitanin D intozication. In 
that patient there wes also aa chvious Ltsve of psycno-notor 
agitation. 


oworthy thst in Coase 2, Antonella, tho pationt 
Jirtle beenus«: she wes sunning a low-grédo 
S 


4 
og hich fever at ine tine of adaission of 


eee 


¢ 
v 
as | 
HS 


sy 
& 
4 

i 


Wo Coa not have any exact knevwlodye of the pethorenes: 


“of dijovsinic hyperceleowian. Beenuso of tho possible chango . 
in the cholcsicro] metabolism, avd hbocsuse cases of ronal cole 
cificatioa in wyxedena veticnts,. soso have coasiderod tho pos~ 
sibility thet such patvionts wsy bo fy outhyroid (Royor, Shievs, | 
Jllig). Wnile this is not +0 be sulted cui as & Conconitany, 
it is pruobablo that such foras ave tiod in with hypersensiti- 
yily to noxwal doses of vitasin i: OGrfncont and Spahr), or to 

an alteration in the cnsyme balance of the mochanian that vo- 
rulates tho absexrotion of this ricnin, (Stapleton & Yves). 

Vo already know thet there aro wide variations in individual 
ponsilivity to this substance; and we know that doses stroag 
onovgh to covnntercet cickotts have prodnecad, ia such casos, 

high activity of the vitamin D type. (Smith, Pollevs). It is 
possible that such patients may have wodiftications in the sto- 
ro) metabolisia, with conscenons aneresse of the cndogenous | Ls 
preenrsors of vitanin D), waich would be aetivated tacroby (Fol~ 
lora &@ Schvarez, Yorfer}. This hypothesis is apperently con- 
firmed by the findings of high lovels of vitemin A and of tho 
lipuprotoins (Fyfe,.¥osfar). Tho naturo of thoso precursors 

is unknown. It is possible that ene of thica is a sterol dif- 


e 


‘* ferent from, vitaain D2: a cholesterol dorivativo, a sudstance 


of the estxogen type, or an abnorasl adrenal hormone could ho 
tho unknown fector. | 


Corxvoboration for this nothesis is found in the fact 
that tho syiiptoucatolovy Ribas: ntoxication, as shova in 
dhe cesses we Gesexibed cS vol 


chyma, and they control the ontcone of tho disease. 

aliophy of the cortex and tubules and, in grave casos, difsuse 
reval caleificztion (Fanconi & Svehr, Fellers & Schwartz). 

Such altowations may be facilitated by othes conditions. For 
exanple, it is known that a deficient and inedaquate diot in 
rats clearly favors tho dencsit of caleluis in tho renal paron- 
chyna, after induced cxporimental ergosicrol poisontug(Chicffi). 
The excess of vitanin ) causcs a diminution of renal Cloaervlary 
filtration and flux, and brings out a lossoned ronhsosption 

of sodiua by the tubular opitholiua, with consequent hyposice 
nmuxia (Manitius). In a lator singe, thove is a dovicloncy in 
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tubular rechsorption of phosphatos. hese findinga sre prosu- 
nehly attendant upon the rench calcisvicntion that eccars in 
hypervitaninosis. In idionithice hyporcslcomia, Lowovor, it is 
possible that thovo js a primitive onal invelveucat (Gircrdot). 


In conclusiont Tho cnsos ve described provo that idio- 
pathic hypercatecsis Ts a morbose syncrome that can also be —. 
poen im Tisly. Por tris reisony, it is. adviszablo to tho czlcinia 
lovels in bleed and wsino of yationts showing such syngtous as 
enoyexio, vyeuicois, cossntion of wrowth, and psycho-notor agi- 
tation, This disease shouid be Cistiaguishea from hype realco- 
nga Linked Vich ovetdosos oF vitomin D. In this case, tho clji- 
nical syapions are identical witte those of idiopathic hyporceal- 
comia, licneo tho case--histovy é2tcalene the sola diagnostig : 
element enabling one ‘to. Gisti ingnish one Sora, from. tho. ether. 
We course of ‘tho disease can de favorable, #8 provod in the 
canes wo report, in which we obtciaed clintes rl and gonoral re- 
covery, slboit with fluctuations in Gondition, through prolong- 
cd use of hydrocortisone and prednisone, assoc ciated in parti- 
cularly grave cesos with edainistration of dsiaeaii hens senmaaeasiil 


‘ninotolrcucevate. 
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INIOMATUIC WLPeRCALCe TA, AND HYPER ‘ALCENTA. SUCONNARY. TO OVERNOS iE 
OF VITAMIN D. PRESENTATION OF FOUR CASUS. - The writers pro="~ 
Bent and compare two cases of idiopathic hyparcalcenia with two 
cases of vitrnin D oan 


’ 
. 


in tho first ice patients, ‘egod_6 and 9 months, the symp- 

tonatulosy included anorexia, vomiting, ind growth failure. . In 
ONO Gaso there Wes a persistent Low-grade fover. Both pationts 
had rocoived noxaad Goses of Vitamin a («Sout 809 U in di). Both 
eases. showod hyporcaleenia (16 mes and 14, 2mesh) and hyperczlci- 
uria (Solkowich +++).0ne paticnt bse sley 00 slight hypexazotemla. 
In huth casos the course of the discese was quickly rendered fa- 
vorabie. ° 


In tho othoe wwe casos (S and 6 months) tho synptons wore 
anorexia, ventiteas growth, isiluvo, pallor, ond listlessausa. 
Both subjeets had been given «@ proparation very gich in vitenin 
HD (200,000 U/cc) over 2 considerzhio paied, in doses of about” 
100,000 Ulin di. In the first case, Ichoritory reports shovod 
marked hypexeslcenta (20 mer), hynorenleinsia, hy perezotvomin, 
arterinl hypoxtonsion, elbuainuria and pinria. +4in tho sacoud, 
tho findints were positive caly for hyperseleemize (16 ngs) and 
hypercalexucia. In both cases, thorany produccd resrossion of 
tho clinics] symptoms aené nowsaalisation of tho blood Chonistry. 
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Libetw Ducrate ' reiterate strut diwutle 
~ 
Uaa sincrome cututietizzata da iperestvemia Wopatica assuciata 
2 tiurdo ravarate, nunismo ed osweesclorosi fu per primo Cescrizta 
t~ TAXCON: nef 1952, Neto stesso anno Licurwoep descrisss ung 


CENTERS similc ma ai mainore sfavitt, carcticrizzzes da arcesto ec). 
Stvecec! neat, BAGrssia, voriro ¢ COstinazione can ine exsosels cd 
sfastiomia, Alla forma Gescritts da FANCoxt é Stato dro i) nome 
* forme grave, mente aila seconda, di mG froqueate Osscrvazione, 
Vicne cits i! some di forma Neve di i ipsrcaleomia idianatica, 


I sizzemi dels forra escritta a FANCON! sozro ranorescarasi 


" de Sterco mentale, 


cohismo, fice Carazterissicn Con Cran niccolo 
y Bi.sevlla so rotvenie, Vomito ¢ site p2ziene, incioria muscolire, ire 
We, iperensione, polluria ¢ polidissia, disideacaz’ one, sofio si- 
itO matusceraale rade, sliueniseriy. z aria, sumeazo dc! elimina 
2 dst colcio usin ario, ipetszazem, mia, ‘Dercolesicrolemia 2, iperculee 
2s, forfasasi a'eatina, Pia saesso imi mua, tlvolta aumenrsts, aci- 
é a Neve, escecsclerocd in esrck 
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wells ferure con gris! going E stara inelize noraea Gavelts pirslisi 
Oetiesca Col facciels (MOKGAN & coll, ROWARSS1). La malssia ¢ 
SILLY emo yt en 


wf2 gencralmcare a in bambini dal Primo anno di vita; 
: : SM.TM i} puricate di $ zcai PFSSeAtava Ostecpurasi, p> 
Tits ttansieris de! ficcisle od attivica convelsive a focoled rizisie 
as acHw EEG iSmiTy € coll). Da L ANG $51.0 Siste anche osscrvers 
wat: if x:ntomstasoe ed | Cpstuspicnomeyalia, prob.bil- 
cafcChaterolemia, La pragnosi di detca forma Sie 
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ve & riservata, essendo fegata alla frequen comparsa di fenomeni 
itteversiaili di insuficienzs rcaale, -— 
La sintomato!og!a della forma ligve € pit sfurara, Essa & rm 
presentata ca anoressia, vomiro, cestinazione, perdita dj” 
zOtemia, acidosi lieve, ipetcalcemis od ipercalciuria 
venta auriento di densiea dele ossa, | Dttensione arterioss (N7ixearne, 
Lown), La prosnosi, so ta terapia viens istiruica tempestivamente, & 
in tli casi henigna, Neon esiste Pezaltro un Unite 9 
gfave e la forma Veve 
La ipercatcemia iZionatica deve essere Cfercagiata da cuclls se 

condzria all'incrparaticoidismo Primitivo, alla sarcoidesi, 3 tumori o 
« leucemic ed 2 malattia di Addison, oppure dovuza 2d ierlosaenio 
J vitamins D. La terami2 @ hasara sulla somministrazione di cose 
sone sto ssono di eszecolare “assorb- mento intestinale del catcio 
OWixebinG ¢ coll), di frato di sodio ¢ su una allmensazio. 
fe con latte decalcifcato sia con il metodo di Dear (Derr) che 
ineciante Vazeiunza di so!fate di Na al 16° (Xowansx1). L'ccilens 
diammincze:razectato gi Na, impicuara da aleuni, viene sconsiztizco 
dz alisi a causa di una POssidi’e azione tossica. 
i Meatre relstivamenze Nunceresi sono i csi ej ipercatcemia idige 
“Patica rifceitd nella lorceazura englo-sassone © svizzcra, siamo 
scenza di 2 pubdticazioni nella letteracura francese (ROYER © colt. 
Forfa © coll}, mente ci sembra che n 
sia stato riferito nella lecteratura italiana, 


Athiamo ritenuto utile pemanto sesnalare dus casi di increal. 
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comia idlopatica Hove ricoverati nella Clinica Pediatrics del Waiver 
$i i Sicaa, coafrontundone i vari aspetti clinici e di labsratorio 
‘cen due casi di intossicazione da vitamina D da noi recentemente 
Osscrvacti, ; ‘ 

CasoN. 1.- &w “Lagela m9. 
A. F. Nulla di imnaztinie da silevaze. 
ALP. Nota a torrsine a: P20 Cutocico, Pisu wl!a nescica Ke 3. 
= stata climensara cos late m-terra Per te moi. Dono ale miola, | 
roche Ia bembiaa creney: poo, Valliitsmeata materna & Moto: integrizo - 
con hare ir, pulvere mezzs-crema. A 2 moi mogone menifeiazioni Cc 
Matorve al vulto, ropredie snontaacemeate verso ib 3° mse. A 4 mest brua- 
cupulmonite. Ga cusio Perinds € state scmministeato alla bambina un ore 
PSI Pouvitaminiza cuntenznte 2040 Ufce. di vie. D, cla dave di’ 10 
Race a! giorra, Vers il $° ree di vita la Sombina b: cumincizto 2 Pic . 
MAIC vOmio iresulise es anOreia; Viccrescimeato ponderals 3 altace é 
MiG Ssssi stars, Negi ulrimi temp: tale sintomssctaria ai & accnauta; il 
Verto si & Fzto 9:5 abboadsnte ¢ pia frequcate © Ianoressia pia spiccata, 
La berbina presenta diuresi =bbondante ¢ scte inteasa, Valvo é tendenz:z}- 
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s 
feSurite sui 38°, anoressia spiccata, vomito quasi ad ogni pasta. La bewbina 
© inoltee: ifteguicta, agiteta, soprattusta di nacte. Noa sono mai stcti *om- 
Minstrati prepsrati vitemiaici ; : 

E. O. Condizinai sererati sesdute. Cute patida, nen perfertancare irs. 
ta Ponalcata adiposs secrsamente feppracaito, Mose miuscolari ipaue- 


A. P. P. Da citca una sectimana ta barbina Presenta quatche nuntara * 


fiche, ipotoniche. Linfoshizadole iadcani. 

Testa: di confaroziene resetzre, Pontanclla antcriore nermotcsa, Nub - 
la agli occhi, naso, bocea, ozccchs, faringe. 

Terste: simamciico, ben eopansibite. Reperta pereussorio ¢ ascottatosié 
pormcle. ‘ 

Cunre: aia nei limiti: Tani porte neti su curti i focolai, 

Addome: tratiabite. Orgrei inceadizci-nei Ymisi 

Sitterts mervuve: Na Yarbina’ é inrequicts, ma si intercssa cll'sr Mente 
© sunide alls madre, $i race seduta. Noa seyni meningci. Rifessi sunc:k .. 
sialic proforndi nusmali : é 

Adi od wetivolazivai: ixdenni. Organi genital esterni: a aspetto normale, 
2sami di laborstorio. : 


leteadermutcasiune con wactuberculina: regativa, G. R.: 4.109.600; G. . 
B.: N4A00, Mb: soe: V. G.: O59, N: 456: L: $908; MO: 4%: E: 
HS.) FNkES 0: 288.5 aceiene: ssat-cetciue 
ria (Sulkewich): + ©: scdimeata: numerme celute di sfaidameato e 2-3 leu. 
ociti Pos Campa, Caltwmia: 142 np. Glitemia: 3% mzs.fo. R. WY. € come 
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TASILUA 2 

Bemmatis f2gaive. Azetemia: 44 30-0. Presiane art.: Mx 105, Ma 60. 
Vo-foruta: 3,5 mgr.f, Risers ae.: 6S vol /litio. a radivlozico del 
defies AILS sion 

Holosica dello tebeletro: aan Sesiani owee a faculsio, Lieve 
ms mevshst fomorati. i 
delfttome: son cleifeazioni renali. 
co hd srain: COA scgei i ipertcasione eadncranica, 
te CGasetcas aGaocm . 
De corse Tb} N. 2) 
Riesai & terapia con idsccortinane (15 mg. al di) e dicti- 
ta ¢i sia (omininivtrsto per via exdovenoss relic cosi 
3 ea 5) peo Xz al ci per 5 Riazi) is Dambins Fpioe ad 2 stimontarsi, 
Ino B fesdre ¢ il vomita, mighorona tpdumcate Je condizioni 
s che Bh (oH toiuna; azsremis Sie 
cae fa ey eas Gund 20 Fiars: 


RLOVemcAtS sie 
istee, U3 commands 9 precedentes 
acd Fano corparco cia im seRo-° 
- mah cra in evidents Velosi chkemici Aci 
narms (ILA ma%2), fisforemia nozmsle, fusfsrasi sicaina sue 
Mentets (20 USh in un convallo ambulstogiale cffectucio -a-distanza di 
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Ipeotalteusia tlinpstica ed ipeccateemia secondavia, ese, 459 


4 Mesi ¢ meaty dails scconda dimissione, lz bambina annsriva in Suone cone 
Gzicai gencrsli, Salvo un metesia cuacnto detla fosteiasi atcalina gh altri 
repesti di Iaboratorio eran normal, : 

Riassumendo si uatra di due bambini rispettivamente di 6 © 9 mesi 
che hanno presataty wna sintomsatoloma ezruteriazata foad:mentz!mente 
€3 vomito, arresto del! acerescimeato ¢ febbre macica, accoampagnata da 
inereANoMA senzs segcs di interessz nent rencle, 

Nei prima patiente erano stare womministrste 2a z!euni mesi HOO U, al 
geno ci vit, DO, meatre acl secondo cna Vapporta ci vitamina D era Li 
ratao = qucils esisiente acl auc in polvere impic3ate. 

Rifesismo ora brevemcate i dati rclativi ai due casi di intossicazione 
da vitamins D da coi osse:vati. i 


Caso N.1.+ A. Roberto, ms 

4. F. Nulla di wmportante 6a silevace. 

A, PLR. Mato a weimine da pario catocico, Pese alla nascita Xp 3,800, 

12. evato allcttemento materad escisive kno 2 7 moi. Da questpoca Yue 
tattsmenio al seno ¢ siaso integrate con ua caTé-lane, una [srincea, qualche 
bisccito ¢ succo di frutra, 
4. P. P. ll bambino € sempre stato bene ed & cresciuto repolarmeate 
fro 2d un mse or sono. In taic roca ua medico ha presczsitta una dose 
urto di vuamisa D, © successivamente ua prenarsto malto ricco di vitamiaa 
D, (200.069 U/ce.), nella dose di 1G.G09 LU. a! giorno. Da aliora il bem. 
Dino ha comincisto a prescrtore anoressiz sempse pid spiccsta ¢ puntcte 
fesbnii irzegelari, Lscerescimento si ¢ airestata ed anzi negli ulmi te: 
il pe:o ¢ dimiauita, Da qualche giorzo il bambino € pid pallida del satio, 
6 osivemamente inzcguicto ¢ presenta vomite rinctuto, 

&. 0. Cute molto pallida, Cisidratsta, Mucose diseretamcate itrorate, 
Parnaicolo adipose sowocutanca “anamente rapprescatato, Linfoghiandate ine. 
Ccnai, Masse muscolari ipotuniche ¢ ipotrofiche. Sistema scheletrico sapzreas 
temerte inderas, 

Testa: di conforrazione regulate. Foatancl!s anteriore quasi comps 
tameate ousshtata, Nulla agli occhi, orccchi, nasa, docca, faringe. Capelli 
MOG sridi, 

Lersce: simmetrica, ben espansidile. Reperto percussorio e ascolcatoria 
normsii, ay 

Cuore: aia nei Yimiti. Toai ouri € nests su tutti i focolai. Polso sitmica, 
scecc.nie, Pressicne arteriona: Mx 140, Ma 95. 

A-fdome: uctiadite. Organi ipocondriaci aci Umiti della norma 

Sistema nervaso; il bambino appese in preda 2d una sotevole agita- 
ziane psicnmcrosia, accumpagaata Cz pianto quasi continuo, Non si notano 
deficit neurologic’ o scgni meningei Normali i riftcssi profandi ¢ supesfciati, 
Esami di laboratorio, 


Iutradermurecivne Con anstubercoling: negative. 

Etume arine: sspeta: limpido, cotore: gisilo pallido; P. S.: 108; 
Bluc.: asx; albumina: aubccols; scetene: css; calciuria (Su:kowich): 
Pally b+; scdimcato: 10-20 leucociti per compo € numcrose cellule i sfate 

pecs tO, 

G. R.: 3.900.009: G. B.: 9.600; Hb: 755; VG: 1: N: $6; L: 
40%. M: 390; E: 1%. . 

Catremia: 20 mgS. Fusforemia: 39 mz%. Fosfuturia: 33 m3; 
(129 me/24h) Fosfatasi ale.: 68 U. B. Azatemia: $2 m2.C. Riterra ale: 
OO val fiwra, Euwawe sudinlopica del tare: negative, Esusmae sadivlozica dele 
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TASEu LA 3 : : 


29a si rilwona altcrazicnd ovsce me modi Gaziani dei carmali 
a. Era te Ondidlosiva de adlomes sen evtcifeazioai 
Prete | Nitrofurstivo: 33 S485: 3, 2 
eet. Nuteieiia: Vs,4 mbc/t Porat 
ering. G30, Al sangues 7,38, 


pil 
: ‘Ok mat. %. 

TORE inamaturi alin ocrle 2Ossa sone seersae 
"Samat chementi ei tina ise aacizaics, Noimate evo 
atc. Noa scant di soScrcaza ice 
1 poe sete DD. precortiati, prebchile 


Jetorse Ciskila N. 3). : 
ai: sieevera, te candizinni dct hambinn snilzsrano grz5 
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Ipvecsleemia idiopstics ed Ipcrcalcomts seeuutacia, ote. 461 


A + cm cee sere ee em 
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simeato, HW bembina appariva md teanquilla ¢ poreva star-scduto sel lero 
© Kiecare, ] valori dla catcemia sono fitoraati a tivelli normal “ope circa 
40 giorai, Anche Tipcrazotemia & fegredita con una cesta lentezza, mentee 
Pid rapidamente wone scompane Malbaminuria e fa piuria, A distanza di un 
mee dal ricovero si crany normalizzate anche la pivssione ¢ Vazdtemia, 1. 
bambing € stato dimewo doza circa 2 mesi in buase condizioni Rercrali 
© Con reperti ematcchimici nozmaliasti, ° : 


Caso N.2.- F. Paolo, m& . co a ; 
A. F. Nicote dimponante da sesnatue, | : 


A. P.R. Nata a termine di psividanes da pata distocgica (applicazions 
di fercigs), Peso alla nascita Kg. 3. Ha avuto allatamcato materna or 15. 
giomni, poi per agsliutia matesaa, & stato alimeataro con fate veccina, Lo : 
RMCIEMIFAAD & stato sempre abbastanza resotzre, ancke se ua Po" stenrata, - 


‘'BIVO € stato senipre sezolare. , : 
A. P,P. Da cise 20 aiarni it hacadino pr 
Aeaete posieprandiate, a geito. L’neerenc 
mina switco. MW pazicate da altos 


exon va:nito isresclaze, in 
imesia si & arrestaco, Valve &@ dive 
2 € moko patido, irreculcto, avitato, La 
macre rifetiscee che fin dal nrimo mese di vita ha somministrata al Siwbo 
10 eeece al aiozno di un Preparazo malta ricco di vit. D (260.000 Uc). 

&. OQ. Peso Sg. 5.700. Pallore rotevole delta cute e clle raucese. Pane 
ficale dings OCLEIECO Carcmenie rapprescatato, Messe muscolsti IDO. 
taniche, Liafazhisndele fadsani . ede ' ' 

Tens: di confurmacione renotire. foniinelta anteriores cr. 2x 2, nor 
moiea, Nulla azti ccchi, nas, becca, fexiage 

Cuore: aia cardiaca aci limid. Toni puci ¢ nctti su tutti i focolsi, Pose 
valida, ritmico, normoftegucate. Pressione artcriosa: Mx 105, Ma 69, 

Torsce: simmctico, Seca espzasibite. Normale zeperta pescuswozio ed 
ascaltriazia, ° 
© Adlame: uauadite, Fegaio a 2 cm. dallazco costate. Milza nei tanith a \ 

Sitena nervave: it bamwbing & irrequicta, ma si inzeressa Wambicate,. * 
Noa segai meninsci. Nouns i riftessi supericiati ¢ profendi 1 

Attiied snicuszicni normed, ’ 

Crgani genitati estceni di coafermazione regplare, 
Esami ai laboratoria ‘ 


Fume atine: P. $2 OMG; albumina: oss; nivicosio: ass; .acctones . 
ot; calciusia (Sulkewich): + + +: scdimento: qualche cara levcociva, * 

G_R.: 2800.00; G. B.: 9.800; Hb: $4 fo; VG; 098; N: 28 %3;- 
L: 646%; M: 603, : . 


Inteadermorezione tun cnatubcrcolinas geaitiva Culeemias 16 103.03, 


bouremia: 3.9 mil. Fosfutad wedinas 69 QU. Bedasski, Enane ealintosico’ 
AD turace: nesative, BR. A,. 62 vol Slitre. Fofutaia: 39 age (NA ag /2A 

Nutticmia: UG mEofiitta. Patsuiemias A migh | 
lita Pr miss ge. OSC. Veucciate elettrcfurctico: xsamina 33,6003 
mt Mil os INSCOs Ss 13,58; 7: 15,49. 

Fuse didluzicu della sekdare: svilunos ovca neseats. Lcth cssca 
concoda coa Toth cromlosion del patiente. A carica dtc ana funghe a. 
fivela ua imodesta addcnamento a huada delta apoagioa, sul versate disk - 
saria JeMla cartilagine di sccrescimenza, . 


Decuria (Tzhtla NL 4), | 7 as : 


Le cusdizioni penerali di queue paicnte mislioraronn rapidamenie, * 
6 giorni dbl sieuvera scomparve completamente il vamita, od il bam 
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ehira ue OS ae oii lanes cs Lim ssioad © szato nupvamenie 
q aa 


- per ena bronchite, A Comucilio noa ha pil presenta 
sunita gd € crescinto ia yaa, a 


I seperti ematachimici sone sisultati nermali, 
’ 


t 
i 


“La sints smaologia, i rcrerti di lahersiorio € Vesito faverevele 
erseniono di perce Aci prird diss nied la diagacsi di ircscal- 
asics, La IICMzials GSI confront dG dee 

con intessics da vitactins ©. © stata: sossinite sults 


ati aaarinestici, essenda ” sin:omatatogia ciintca ed i 
+ Lbctuoria praukainente so VranrGninili. Uno ici pazicad 
latessicuzione da vitsmina D (A.R.) ha presentato ua quae 
ero Cinha di netevels gravis coa marcate molicazioni della azo 


oom an 


(gua, ROeCita a ntsevate irertensione arteriosa, ancmia, ovidcad 


| 
| 


Ipcrealeemis i asad ef ipcaee ‘Neemia ietwuderia, eee, 


Sadie 


shins urinaric ¢ disi’ratazione. Tate sncomatotosia. 2 cavvicl 


nahbile a quella delle forme aravi di ipezealcemia id Nonatica, 

E ds notare che rel caso n. 2 (M.A.), il nszionte é StAIO portato. 
alla nostra asservazione per una fcbbricola, ‘Temperatura fedhri! ele 
Vata ¢ra pare prescnie al momento dcll'ingresso del bambiag AL 
Roberto con gravi sintomi di intossicazione da vie. D. Ia tle Taviente, 
csisteva inolire un evidenie stato di agitazicne psico-mozoria - 


La patogcacsi della ipercalcemia idi lopatica nen & csatcamente 2 


conosciura, A causa dca possibile alzerazione del metabotisme del - 
colesicroto @ poicht sono stati asserwati casi di acfrocatcincsi ia mie 
Acdemaiosi, a & pensato alla possiviliia che csistz In tal! pazienti ua 
certo grado di i iporiraidisma (Royrn, Suns, 11.116). Pur ron ecte 
dendo tale concausa & prolsabile che tate forma sia 'egota ad uaa 
Sensibilita phinbape 7¢ a dost normali di vismina D (Faxcom e 
SPAHR) oO ad una altcrazione enzimacica nel meccanissso che regota 
Massorsimeato di tate vitamina (STAPLETCN od EVANS’, E ROO ine 
fitti che csistoan noteveli variazion! netla scasthtica indivi Mate a) 
questa sostanza e d’altra canto dosagyi del potcre antizachitico ect, 


sicro hanno dimesirato in cali casi ana clevata attlvita di po Vitze 
minica D (Sairu, Fanners’ & re ssibite che cali paaicnti presen 


tino medi 


teazion, del mctabolisiaog degli sterali coa COALCSUCKIS ay 


mensa di precursari cnogeni della viransiaa D che versbhoro da. 


oe 


essa atti tvat (FELirns © Sciwantz,. » FOREAD), Tale ipciesd suntie 

avvatorata dal riscontra di livel!i elevari Ci vitanina A edi lipe ; OT0- 
tcing (FyFi, ForFar). La natura di tali precursor é sconcsciura, EB 
- che si tratti di ano stcrolo diverso dalla vitaraina Da: sia ua 
ecrivato dal celesterolo che ena sossanza di tipo estreseno od ua 


abe 


ormeas surzenale 2heorme, porrchScro ropresentare questo fartere | 


~~ 


Tale ipetesi & avvatorata dal faito che la sintom--o! ogia della 


intossicazione da Vir, D, came dirostrano anche i ye Seg noi de 
scritti, @ sovrappenibile a aucila cla ipereatcesnia § idienatica (Ls. 
PRUE, ROSS). Le alserazioni pit ce Sanne in an shades le fozine 
di ipercatcerat si astervano a carico dy 1 parcachima rcnate — 
zienane Vesa dela mulatiia, Esse sono faporesentaze da sucha ds 

ta cortcecia ¢ dei tabuli e¢, nei casi gravi, da una difusa calcificazione 

dei rent (Fascant ¢ Seaua, FELLERS ¢ Sciwadarz). Ts!i alterazioni 
passeno essere facilitate da alese condizioni. E noo 22 cer. nio che 
una dicta carenzata ed insufficicate favorisce Acuamcnie nel razto, 
in cui si sia prestozca una intossicazione Spetimentate con ersestcrota 


Uradiato, la dcpasizione del calc ncl parenchima renste (Cause: FF). 
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Voss di viramina D proveca una ciminuzione della fltrazione 
slomoralire ¢ del fusso renale ¢ determina aa minor riassorbimento 
wel acho dk pase delVepitelia abulure, con conseyucate ipostcaus 
gia (Man.viUs). Ta uno ssadio ultesiore divicre dcfcitario il dike 
z.cvimento tueuhire dei fosfati, GQacsti reperti sono presumibil. 
monte sconduri alle calcifcazioni reaali che si verifcano nctla ipsts 
Vinentvesi, Neila ipercalcenia idiopation & possibile invece che esista 
en Tnteressamento renste prisitive (GIRARDET), © 


° 


Coirtledento, i casi da noi descritsi documentano che Mirescal- 
Sait Wisnticu © uaa siadroime morbosa che red essere ossesvata 
anche in Iratia. Por tale ragione ¢ consighiabile coatra!fare, ia calce 


mic © la calsiuria ia pazionti che presentina manifestazioni rappre 


forma mors ta dalligere 
cae : fo i vitamina D, fa cicsio cso i sine 
GAO Csseig SovEADPORIOHL a quell dellipercalecmia 
mio Si! taro anamncsticn if colo clemento diagnoszico 
glace una fossaa dal'alera, 2 decezso ped essere favo- 
LsirAne i casi da noi rinortati, nei quali si é ccrenuca 
signe ctinica ¢ unierale, sia pure aitraverto varie vicende di 
samend, con Vero praluazaso di cortiscaidt 
Jaose) cs: i, REL casi Ci perceclars gravit, 
' 


sia soatuiinisizacion: di Gileadiamminoietrsacercto di sodio, 
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RIASSUNTY, — Vengono presentati agli AA. dee casi di ipercatccania idiopa-- 


tica Heve ¢ due legati od ipezdosay cio i Vitazina DB. 
° nm to 


Nei primi duc paziati, deties di 9 eG Masi Fopeativancate, Ta sintonatolesis 
612 fpprecnizta da snorcssia, vomit, asresto dellacerescimento, In tn (340 ¢1a pre 


seate (thricols. Tati pazicati avevano 


ficesuto normali dosi di Vi, D (circz 600 U. al” 


giorno). In cnicanhi i casi era Presente ipercaleemia (ms 16 © WE cispettivamecate) «| 


© ipercalciuria (Sulkowih: + 7H) 


¥ . . e . 
soma aumento celaccicmia, HW dune fu tpalsmente favercveote. 

Negti alici due casi, del!era di 8 ¢ 6 sacs faemtivaicure, la sintuinatulogia era 
Custituita 3 ancressia, Wureua, otzesso d 


Nulla seconds bambdina esisscva anche ua m> 


ciVaccrescimeato, palture, syhizzicee PS8ico-rme 


toria. tn cateazabi i sozscti era state wWAMIAtstY Per lunge ter7e vA PC Psrcts 
“multe ricco di vismina D i203,c00 U, Me 6.) alla duse ei circa 160.09 YU, al picrne,. 
Nel psimo caro i repent di Mt craturio Mimestratonye, notevule ipercatcemia (20 mgr 
pescatciutia, ipceazutcmia, ipertcasione artcrioss, athuminuria ¢ piuria, Ned secondo * 


teat! emate-chimia, 


C49 efane ywesenti solamente ipcecaleemia (16 mg.) ed inecatciuria, La weapia 
avuttat. hecemind ta tegressicne della Sintuinstolosia clinica © ta nurmuliezazione dei 


Tsetse iieeatiges oF 1% An CEMIZ SECUNDAINE A UPERLUS GE hE Vie 


Tassixe D. Pallstnrarwex pe 4 cas. 


— Ler AA, sopposicnt hun cos Lis tecledanie 


whunathique Metre at deux on eapport 3b itttouge de vitamine D. Cdc2 tes deux - 
SHTML Sujets oels sopcivcment de 6 a de 9 mois fa siatuinciubisic ctait ceorésenite 
Mf aporenie, vumissement, arnt de cruisance, ot, dans cn cas, warpcrature Fhe.te, Ces 


aujes valent cocu Ses doses surmetes 


le vitanine D {preogss S00 U pur tour) Chea 


les deux cas cn oburvsie unc imecatctmic (mg 16 ot 14,2 rerreativeread ot rege 


CAtiueic (Sutkcwinh fp ++). Chee ta deusiccce Wine oy svi aul vac ine 
Méste Glovetiva de Varudmie. Léveluricn a os rsiteorcar favorble, 

Chez hes deur autres sulets, ogee fopeaivemen de R a de 6 mols sccus's oa 
ovat almiaité pow une longue gtintc cag pryutstiun rhe ca viusine O 
(20.600 UL por ced avce unc Pomtosic de 400.609 UL poe juer, ta sintunictolog'e 
stait coprecatio par Ahorenic, vomissemcnt, arte de Cfvissance, agiutiun pychomuttice, 
Chea le premice sult kes rahucka de Lhorateite oat Cuneotde ene nate ital 
seme (0 mgt), ipeecatcicric, ipesacmie, ireicnsiva orteree, athercinesle 6 


veotie, Chee te decade ou 


stun vdarvsit eka isvrcuhinie (1S mgt) «@ 
K 2 


wNiGiure, Le walecnat explase a dutsmne la taiosiun ds le sintusaclosie 
inizes ot be eesmulincivn dat doneces Cuahimiqua 


Katorarene iverecetcesas AMD UVPLREALCE Mia STUUNANaY Th HVOLARUSICE + ol 
OF VtYAmix D, Parsenvaract ow 4 Cases. — The AA. Pruct two cases of wie 
purdic hy teahkeais taghur wth wwe cons of vitumia D intorication. ‘ 
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D-Vitasin, — Dic VV. Ioshiveitka 2 Tile tcihice idinpails hee Mypcsealvemie und 
welnie 2 sate, Ye sul UNoiscag ven D-Vitumin zerickeufchrea sind. 
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Dstond Sos Wachstas 

Notea re duis tenet te SCD U. 

ea tras Mynicelvanie (6 my tert 14,20) 

iSsthuaich + & ye) gti ta dem ewcion Madhea war acch cine 


dhe Acuianic veihsadka. Dos Vestuci woe ache schac!l cconig 


twalea Pasi 


ica Villa, 3 cud G Muaate alt, qacca dis Syiticawe And 
: heaverinhe Excousg In beidca 
rs : WOLD pao ce mw 
seo ie 1h ve. a) Vuretiienhs worde en Seth Wyn de Lebo 
miler deig: iz 20 age 63), My 
: stl Pivsia, La awecie 
mye fda end Uynrcatvurig act. Die ene 
dea BeoGkrung oe Kiaiahea Symomatotosic und dic 
Syneiboheaiatca Ssleade, * . 


WA CONSICUIENIC DS GPCR WOSTes 
CArUS, -—~ Prewatca los AA. toe 
iguacntes “det hipwredusificac.oa 

Sitimcs OD. “ONS 
Ta tes dos printrss casos, ol ane ale nucve g cl ol cto de. scis sacses le clad, ta 
: 2 Pel creteala, veto, stroote dy easce Ea un con 
b sib. er salou suminitratas nermat desis de vie 

he fed 
‘ ea : Be SHcetepasia 1$.3 
eid aereek | Ss 
te fost a Isvetetie. 


ta Ei cum ste fa cand 


do atten wes cote as ure de cahe yp glove dc os sams de cdcd, 1a 
Togla wensitla on etetenis, womue, crate de chien, salieed, inguiwed price 
te METAS pur large 1210 va tee etate Mey ti€a ca vie 
as 6@) an otis de cane 20059 cada Sa. Da cl puiece casa 
Le letting eeactihstete Rotests hiatetsctea 120 Ff %), Ripitel- 
2 aby Re ecnneey BiaTiese, olteieasts y eaision ds efiaa actw 
Perey Hoy een tet Vile Lintehkema (16 mst. TZ) ¢ bipez 
Sia al gieia Sane Le aaron dy ba sine gia Cink 
sink De hee hateeses att ena ee 


. 8A Coren Soll was WoiStes 


: Pree em eT ON OND CeO LAAN BLN? DO DAS erties ONS ABO BP 
omer 


WO lOO, PAAR LNORE HY OAM CLE LER I A mea ee ee 


XNIX..- 


. 


inure an Gis PEmataica Len be Pisa 5 
Diecttore: Vref. A. Custns 


_Ipodisproteinemta acuta Idlopatica net bembino 
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Le condizioni di cisproicincmia apparentemente primitive sono 


di osservazi¢ne tetaltro che frequente ¢, menire mali dei lesa Dro 
blemi ctiopatogenetici permangono oscuri, la dclinitazione nosolo 
gica delle diverse forme & iavece sufficienicinente’ seabilicw. © 2 
Da en punto di vista clinica infuiti sembra che ressano essere 
Gstinte alcune forme tra Je quali te pid impertan sono le agamimae 
gtobatiacinie ¢ le ipoprotcinemic Wiopatic! he, da altri dencminate 
& esscnziali », da altri ancora « prisaitive », 

Nelle ¢ agammaglobulinemie pure a noa si rilcvano modifiers 
zioni apprezzabili della protcinemia tatale n& delle perceutuati delle 
dere ireticni prorcichs, racntre con Ie indagini cleuroferciiche si evi. 
denzia nel tracciato assenza completa detts gamata-yles Duline, sveiae 


bili in anima qusatita solo per micezo di indagini inununo-chised 


seese® 


che. Censeguenza di questa altcrazione dei guadzo PICMG enaticn, 


che nel bum! vino vicne riferitea ad un dileta conse nizo (Daurany 
Janeway; Hayes e XULNEFF) & una spiccatissiona chaiauzione 
cele difese inuaunisarie che conduce al!insorgenza frequente di ine 
feeioni di nesevels gravith (BauTox; 2auTon ¢ Coll; McXacay; 
Ruidan ¢ Coll; Janeway; Juan; Mantix; Decaitrs ¢ Fonry; Mave 
ES © Coll, Hanatis © Scuicx; Beaunueim ¢ Coll; Auxaup-Sate 
TANDIER; LevesQueE; Rirosss) 
Nella ¢ ipapretcincinia idicpatica » invece (pur verificandosi 
qualche votta Vinsorgenza di fatti infectivi particolarmence gravi), 
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with idiopathic hypercalcenna of infancy 
jon on the 

stosteroids, 


_An asymptomatic 3'%4-month-old female infant who was receiving 1,000 units of 
supplemental vitamin D per day and whose serum calcium concentration was 14.5 mg. 
per cent was studied. While ingesting a diet containing less than 50 1.U. of vitamin 
D per day, the serum calcium fell to normal and the vitamin D concentration in 
the serum was nornral. Subsequent ingestion of 400 1.U, of vitamin D for a 10 day 
period induced hypercalcemia, probable elexation of the serum vitamin D 
concentration and hypercalcuria, Sixteen days after discontinuing the vitamin D 


ee ee es 


te 


the serum calcium concentration was normal. There appeared to be a direct 
correlation between the amount of vitamin D ingested and the serum calcium end 
nitarmin D concentrations. Severe idiopathic hypercalcemia had previously been 
noted in a sibling who had an elevated vitamin D concentration. The familial 
incidence of idiopathic hypercalecmia of infancy has rarely been recognized. 

There are no previous reports in which hypercalcemia and rise in plasma vitamin 

D were produced by @ physiologic dose of vitamin D during the inactive phase. It 
sugersted that idiopathic hypercalcemia may, in some cases, be an inborn error of 
metaholiom with defective inactivation of vitamin D, and that asymptomatic siblings 
of known cases of idiopathic hypere. Icemia should be investigated for the mild 
form of the disease. 


. M. Kenny, M.D.,* ®* T. Aceto, Jr., M.D.,* M. Purisch, M.D. 
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_ Tre unusual aspects of a case of idiopathic older sister previously had severe idiopathic 
hypercalcemia of infancy are being docu- hyperealeemia.’ A familial incidence of 
mented. First, the patient had asyinpiamatic idiopathic hypercalcemia has only rarely 
and trandent hypercaleenmiia although an Leen aecognized. Second, this is the first re- 

corded case of idiepathic hypercalcemia of 
From The Departerent af Pedietrics, Jabs al ‘ aud, eleuatt i a 
flophinr School of Medscime ond Hospital, infancy Gn whith cievalion ne serum 
Raltimvore, Abd. calciuin and probable elevation of the serum 
This work war ruppoeted by Grants AF429, vitamin PD level have bern preduesd during 
AASGO, Atoll, and ADO (69), a 
; the recowsry phase by administering a phy- 
"Pie Keamy wad Pe Aecta neces vettonted be Tsmeeee it At - i. Be 
Creat Ne TALIM, ft sated Mater Folie Herat Seroure. siologic dow of 400 units of vitamin D per 
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CASE REPORT 


K. Hi, bom Océ. 26, 1960, was admitted to 
the Harriet Lane Home on Feb. 14, 1961, at 
344 months of age for investigation of asympto- 
matic hypercalcemia. 

The family history was significant because an 
older sister, S. H., aged 11% years, was treated 
for hypercalcemia at 5 years of age.t She con- 
tinues to have mental retardation, impaired renal 
function, azotemia, and seizures even though 
the serum calcium valucs have been normal 
since 1956. An older brother, 14 years of age, 
had an unremarkable history. The mother, father, 
brother, and. sister are normocaleemic at this 
time. 

Inquiry regarding the prenatal history re- 
vealed that Mfrs. H. took 1 Natilet tablet per 
day from the third month of gestation until 
the time of delivery. Each tablet contained 250 
mg. of calcinm and 400 units of vitamin D. She 
drank only t glass of homogenized milk (400 
units D per quart) per week, ate 1 or 2 eges 
per day (25 to 70 units of vitamin D per egg), 
and ate ne fish. 

The infant weighed 4 ponnds, 12 ounces whee 
horn at 38 werks' gestation. Except for firm or 
hard bowel movements from the tine of birth, 
the history was unremarkable, and the baby 
was described as being happy. This was in con- 
trast to her older sister, who wae an abnormally 
ietitatde child from bith until the hypercalcemia 
was eventually corrected. 

A formula of evaporated mith, dileted with 
an equal solume of water, was given from birth 
util the age of 3 month This contained 
1 USP. units of vitamin D, per quart. By 
the age of 3 nisnthe ihe infant was taking alnvst 
a quart each day. She aleo revelved @£ cc. of 
Teivisot per day, which contained 1,000 units 
ef cateifera:* Teom the age of J vemtha aoutil 
the tome ef ocinission at 31% months, she re 
reived wlode milk sontalring fess than 50 units of 
vetsenin T2 pee queart.* 

Ow Jas. 78, 1964, at the age of 3 manths, K 
wat den be te athy hevawse the older sien had 
hosel stierpwetton try pucer steemia, Mibeagh the halsy 
was cheacatiy pormmad, the seam: a adeiven dite: 
tweed ary tho tepitad Lateratary was 14S ay per 
vent, “Pheeee legs late the serum eateioum «as 
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perfonned in our Jaboratory and was 13.5 mg. - 


per cent. All subsequent calcium determinations 
were performed in our Jaboratory, unless other- 
wise specified, On February 8 the value was 
12.6 mg. per cent, and on February 10, 12.7 
mg. per cent. She was then admitted to the 
hospital for further study. 

At the time of admission the blood pressure 
was 73/50 mm. Hg and the pulse was 100 per 
minute. The height was 23.5 inches, and the 
weight was 10 pounds, 1 ounce. The general ap- 
pearance was not “elfin” and the physical ex- 
amination was perfectly normal. There was no 
cardiac munnur. The hemoglobin was 12.1 Gm. 


- per 100 ml. and the hematocrit 36 per cent. 


The white blood count was 10,800 per cubic 
millimeter, The urine was clear; the specific 


* gravity was 1.014; the pll, 5.5; aitd the tests 


for protein, sugar, and diacetic acid were nega- 
tive. The Sulkowitch test was 3-plus. By 
microscopic examination, 5 to 10 white blood 
cells per high-power ficld were seen. The 
urinary specific gravity was 1.020 after a 9 hour 
thirst. 

The rodislogiste found that the ends of the 
Jong bones and the base of the skull were sug- 
gestively increased in density, but this was not 
definite, 

After a 9 hour thirst the scram urea nitrogen 
wat 35 ing. per cent; carbon dioxide--combining 
power, 149 mM per lieer; sextium, 147 mEq. 
per liter; chlevide, 101 mEq. per liter; potassium, 
5.1 mEq. per Nter; and the cholesterol, 270 mg. 
per cent. One week later without a preceding 
thirst, a scrum urea nitrogen was 2¢ mg, per 
cot atnl a CO,-combining power was 21.6 mM 
per titer. 

METHODS 


Viramin D activity in the serin was as 
saynd by one af we (M. P.) whe utilized the 
wrethew! of Hill. The heels af sera calcium 
were determined by the methed of Harrison 
and Harrien,’ wrum phespharas by Fiske 
am! Sibharow's svethewd,” and seraem citrate 
by the methed af Natehen, Pinews, and 
Lagewoy.* 1, Macken Waher measuerd 
the seven anagram’ amd Dr, Daveted 
Nitewsky eteraited the cer viowen EB 
levels by the suetheal ef Quoarite, Serieshaw, 
ated Feoway,* 

Urimaney cateienm wae cbeteensetened Soy the 
sowtlaewt sof € hark sand Collign® Siew cule devant 
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was determined after dry ashing by the same 
method, 

During the period when the calcium 
balance data were accumulated, Alacta of 
the same stock number, which contained 
Jess than 40 units of vitamin D per 100 Gm. 
of dry powder, was used as the only source 
of food. Analysis of this revealed a calciuin 
content of 1,110 mg. per 100 Gm. of dry 
powder, Between February 14 and March 11, 
105 Gm. per day was given and between 
March 12 and April 3, 125 Gm. per day. 
The intake was accurately determined by 
weighing cach formula boitle before and after 
the feeding. Complete 24 hour urine and 72 
hour stool specimens, the latter »narked by 
carmine red, were collected while the pa- 
tient was on a metabolic bed designed spe- 
cifically for infants. 


RESULTS OF EXPERIMENTAL 
STUDIES 


Sce Fig. 1 on which are charted scrum 
vitamin }) levels, serum, urine, and stool 
calcium concentrations, and calcium balance 
on the regimens described below. 

Ilypercalcemia, plus recovery phases. 
Since the normal ruean serum calcium value 
in our laboratory is 10.1 mg. per cent with a 
standard deviation of + 0.7 mg. per cent, 
5 clevated valucs for scrum calcium were 
recorded before the value of 10.4 mg. per 
cent® was obtained 21 days after discon- 
tinuing the vitamin 1) supplement and vita- 
min D-cnriched roilk. At this time the serum 
magnedum was 33 mp. per cent, which is 
within normal adult Hits. Subsequent cal- 
cium determinations varied between 11.0 and 
11.9 ine, per cent until 400 international 
unite (1.0) of vitamin D were added to the 
tiet. The serum vitsinin D level on February 
16 was 2 LU. per milliliter of serum, and 
jess than I unit on February 21. Thice de- 
lerminations of serum cieate were also nor- 
mal; thes were 2.3, 1.7, and 2.8 ing. per 
cent between February 2 and February 24. 
A fourth vahie for senen citrate obtained on 
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scrum drawn February 17 was elevated to 
4.0 mg. per cent. On February 26 and 
February 28 the scrum vitamin E levels 
were norma] (0.31 mg. per cent and 0.44 
mg. per cent). A vitamin E absorption test 
was-also normal. The vitamin E concentra- 
tion was 2.66 mg. per cent 9 hours after 
a dose of 20 mg. per kilogram of tocopherol 
and the vitamin E absorption index was 
13.0 units. 

Study with vitamin D. 400 units of vita- 
min D per day were given from March $ 
through March 12. Prior to starting vitamin 
ND, the serum calcium was 11.0 mg. per cent. 
On the third day of vitamin D administra- 
tion, it was 11.3 mg. per cent, and on the 
seventh day, 11.5 mg. per cent. Seventy-two 
hours after the last dose, the calcium was 
12.9 mg. per cent, and 90 hours after that 
dose, 12.4 mg. per cent. One week after dis- 
continuing vitamin D, the serum calcium 
was 12.4 mg. per cent. All three of thes: 
values are more than 3 standard deviations 
above the normal mean of serum calcium 
as detennined in our laboratory. Sixteen days 
later the value had decreased to normal 
levels. 

Serum vitamin D levels. increased con- 
comitantly with the serum calcium. The 
concentration of vitamin D was 3 units per 
inilliliter on the day prior to vitamin D ad- 
ministration; on the third day, the level was 
4 units or more; on the thirteenth day, 90 
hours after the last dose of vitamin D, the 
level was probably 8 units or more. Unfortu- 
nately only 2 rats were used for this assay 
which precludes a dogmatic statement re- 
garding the concentration. It should be noted 
that the initial serum vitamin D level was 
normal, at a time when the paticnt’s serum 
calchun was decreasing to nonnai levels. Had 
this test been performed cariier in the course 
of the diwase, it is posible that an clevated 
level would have been found. 

Hyycrealeusia was elservedd during and 
just after the 10 day course of vitamin D. 
The average wiinary calciuea exeeetion was 
47 mg. per day during the precontrel period. 
During vitantin 1D administration, Uke average 
urinary valuc was 87 omg. per day. In the 
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Fiz. 1. Seram vitamin D levels, serum, urine, and stool calcium concentrations, and calcium 


balance on regimens described in text, 


period froma 24 to 48 hours after the last day 
of vitamin D administration, a peak excretion 
of 118 mg. of calcium was obtained. 

‘Phere was no cicvation of scrum citrate 
90 hours after discontinuing the vitamin D. 

Study with sodium sulfate without added 
vitamin D. On March 22, 10 per cent sodium 
sulfate was begun in a dosage of 25 ¢.c. per 
iter of fornia. This was given for 675 days. 
‘The average intake of sulfate on Chis regimen 
was 7 mEq per Kilogram ner day. Prior to 
starting the sulfate, the sommn calcium was 
12.4 mg. per cent; on the third day of sulfate 
athoinistration the vale was 12.0 mg. per 
cent, and on the day when sulfate was dis- 
continued, 11.3 mg. per cent. Tis was 16 
days after the jast dow of vitanna 1D and 
say ierely pepiresent a stow fall in serum 
calveon, wich as that observed the fest tine 
sitarnin DD was dicuntinued. 

Low vitauda TD diet, A fow vitamin O 
diet, witheat Gel pr eeyt and with nonte- 
? wvirtesd arth, wits glares Peer cnt a | bans Lowvgean 
ceastinmed §o the perieat, Rabereparet serene 
cawiow deiwrpmtons were TE4 tg, per 


. 


cent on Apri! 4, 11.3 mg. per cent on April 
20, 10.5 mg. per cent on May 11, and 104 
img. on Jane 5. 

At the age of 1 year the height and w igh 
were 28.5 inches and 15.8 pounds. The serum 
calcium was 1] mg. per cent. Six months 
later the height was 30 inches and the weight 
20.3 pounds, and the mental development 
was normal. The serum calehan was 10.7 
mig. per cent. 

Ralance date, An attempt was made to 
abtain caleinin balance data. Reliance can- 
not be placed on precise quantitative inter- 
jretation of balance data because of erron 
inheeent in the technique.’ However, the 
tetative changes in caleium balance reflect 
changes in regunen, 

Yhuing the fast time that the serum 
calvie was falling to nennal levels, urine 
and for} cokinn were meanued. Daring 3 
aweewine 72 hour periods, #2.5, 99, amd 36 
per cout of the calcein ingested were re 
taiwd. “Phe average riven wot 476 wy. 
por slay. Died the tes clay pecvied wien 
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administered the calcium retention was 32, 
38, and 30 per cent for 3 successive 72 hour 
periods, or an average retention per day of 
331 mg. Forty milligrams of this reduced 
retention of calcium were attributable to an 
increased urinary Joss. After vitamin J) ad- 
ministration and before starting sodium sul- 
fate, 19.6 per cent of ingested calcium was 
retained for the one 72 hour period mea- 
sured. The mean retention was 172 mg. of 
calcium per day. 

No definite effect of sodium sulfate ad- 
ministration was demonstrated. Vuring. the 
period of 623 days when the patient re- 
ceived sodium sulfate, the effect of vitamin 
1) was waning. In the initial three day period 
on sulfate, the per cent of calcium retained 
was 29.5 per cent and the actual value was 
295 mg. per day. Although this represents 
an increased calcium retention when com- 
pared to the control period immediately pre- 
ceding, the period is too short for one to 
state uncquivocally that calcium retention 
was augmented by sodium sulfate. Sulfate 
was given for the first 325 of the next 6 
days, and during this six day period the per- 
centage retained was 16 per cent: the actual 
amount was 130 mg. per day. During the 
subsequent three day control there was es- 
sentially no change as 17.5 per cent or 156 
mg. of calcium were retained per day. 


DISCUSSION 


One of the unusual aspects of this case 
is the familial incidence. This occurrence 
may indicate that some cacs of idiopathic 
hypercalcemia result: from an inborn error 
of mictabelism. 

In the Htcratne there are only a few 
reperts of idiopathic hypercaleemia occurring 
in more than one member of a faniily. Mhg 
apd Prader’® icpertea idiopathic hyper- 
caleenia in bimnwular twins whos sister had 
an clevated serum caleium. Forfar** has wen 
2 and probably 3 sets of affected sillings 
among 17 families in which he has obwred 
istiopathic nypercaleemia. Siwe K. 1, had 
such aah! form af idiopathic hypercaleemia 
dhat it could have been overkwhed, we 
would suggest that this eatily may occur 
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more frequently in siblings than has been 
documented. 

Although abnormal metabolism of vitamin 
D has been suspected as causing this disease, 
Fellers and Schwartz’? and Smith, Blizzard, 
and Harrison? who reported S. H., K. H.'s 
older sister, are the only authors who have 
recorded elevated scrum levels of vitamin D 
during the active phase. Warkany and 
Mabon" noted the normal value for children 
to be 0.66 to 1.65 I.U. of vitamin D per 
milliliter of plasma. Fellers and Schwartz"? 
found levels between 1.72 and 1.95 IU. per 
liter of serum when studying normal infants. 
In the present case, the rise in the serum 
calcium to 12.9 mg. per cent and the prob- 
able rise in seruin level of vitamin D to 8 
units or more per milliliter, shortiy after 
giving a test supplement of 400 units per day 
for 10 days, suggests that this disease some- 
times is caused by defective inactivation or 
removal of vitamin D. 

Short-term calcium balance studies on 
small infants are subject to error and the 
results are not precisely quantitative. Fomon** 
stresses the usefulness of halance technique 
in obtaining relative results, i.¢., as a com- 
parison of two regimens of management in a 
single subject. He cautions, “The successful 
use of inctabolic balance studies [in obtaining 
comparative data] has suggesied to some 
individuals that results are precisely quanti- 
tative. ... Were this true .. . the change in 
nitrogen or calcium content of the body could 
be calculated.” He discusses the reasons why 
“such calculations fail to provide valid esti- 
mates.” With this caution in mind, and 
realizing that any losses in collection of ex- 
erecta will falsely clevate apparent retention, 
the following observations are made, K. 11. 
retained much calcium carly during the 
recovery phase. Similar retentions are re- 
corded during Use active phase of idionathic 
hypercalcemia by several authors who 
studied babies of comparable sise. Liorgan 
and his co-authors? reperted 517 mg. per 
day ‘retention in a 5.5 kilogram baby; 
Stapicion, McDonald, sand Lightwood* 
found SOQ mg. per day retained by an &- 
month-old infant; Ferfar and his aseriates™ 


. 
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recorded retentions of 445, 47C, and 429 mg. 
per day in 3 infants with the active phase 
of idiopathic hypercalcemia. 

The slight fall in calcium retention when 
400 units of vitamin D was given daily was 
unexpected. This response was in contrast 


to those observed by Forfar’® who gave. 


100,000 units of vitamin D per day to 3 
patients. When administered to a paticnt 
during the active phase, this dosage in- 
creased the retention from 48 to 73 per cent; 
when given to a patient in the early recovery 
phase, the calcium retention rose frdm 16 
to 40 per cent; and when given to a patient 
in the inactive phase, the retention increased 
from 16 to 42 per cent. A possible explana- 
tion for the unexpected results in our patient 
may be that the intestine was maxiinally ab- 
setbing calcium prior to the administration 
of the vitamin D, but the test dose still may 


have acted upon the bone with mobilization 


of eatciiom The resulting increased urinary 
esciction of calcium then could partially ac- 
the decreased positive calcium 


balance. This hypercalcuria (118 mg. per 


count fo: 


day) which occurred with the test dose of 


vitamia D was not unexpected since hyper- 
culcuria has been reported consistently during 
the acute phase of the disease’: '* The 
hyperealenria probably resulted from the in- 
creased coneentration of: calcium in the 
Hood and ulomerular fltsate because of the 
action of vitamin D on bone. However, a 
eect of vitamin Do os renal 
tubules cannot be exchided. fe 1s of interest 


that Forfar’* did not consistently produce 


direct plea 


hypereatcuria when he adniinistered vitamin 
}) during the recovery phase. 

‘The balanee study with sodium slfate 
was undertaken since oral administrotion of 
this salt was found by Kewarshy'’ ix lower 
the serum caleim in an infant with ine 
pathic Inpercaicemia. In his pauent tbe 
returned to mernial levels 
within a 7 slay period after adininesteation 
was hegun. Ne balance data ads oltained 
usin fis study. Ta the terwent wake, oval 
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During the entire period while balance 
data was collected, there was a steaay de- 
crease in calcium retention, This steady de- 
crease appears to have been relatively un- 
affected by the test dose of vitamin D or by 
sulfate administration, except for the increase 
in urine output of calcium during and im- 
mediately after the vitamin 1) test period. 
This associated with the rise in 
serum calcium is indicative of a response to 
vitamin D with respeet to mobilization of 
calcium from bone, even though intestinal 
absorption of calcium remained unaltered. 

During the inactive phase of the disease, 
the retention of 130 to 150 mg. per day of 
K. HL. is comparable with retention of cal- 
cium by nonnal infants, discussed by Jeans 
and co-workers,?* Daniels and Stearns,** 
Swanson,** and Ilarrison.** 

_Tdiopathic hypercalcemia occurs in both 
a mild and a severe form. Forfar, ‘Tompsctt, 
and Forshall?* have suggested that the 
severe type of the discase ensues when the 
diagnosis and treatment ef the mild form 
are delayed. In support of this contention 
Daeschner and Daeschner*® noted that the 
interval between the onset and the diagnosis 


increase 


the interval was 6 months in 52 mild cases, 
After evaluating the renal histology from 
routine autopsies of children, Shanks and 
MacDonald** suvgested that idiopathic hyper- 
caleemia of the mild form occurs much more 
firquently than it is diagaowd, It is im- 
possible to kaew whether K. 11 would have 
developed severe hypercalcemia if she had 
conmtinned to reveiwe normal or excey ive 
amounts of vitamin D, or whether the hyper- 
calkeeoa would have been transivnt. Yet 
the occurrence of beth a mild and a severe 
form of the diseaw in the same [a nily sip 
ports the thesis that both fons are mani- 
fextutions af the same disease, lot differ only 


in their sverity, 

SUMMARY 

A U4anentteeld infant, ibe sister of a 
potient persicmnty reveadierd with worre hdige 
pothic Inprecakentia, wher preowned with: 
aspmaptemiatie ated tameieat hy pete aberseia i 
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infancy has been described. Physical exam- 
ination revealed a normal baby without 
“elfin” appearance. ‘Vhe serum calcium and 
urea nitrogen were clevated, but the serum 
phosphorus, alkaline phosphatase, and serum 
citrate were normal. The serum vitamin ND 
concentration was 3 1.U. or less during the 
recovery phase, but became elevated to 8 
units or more when 400 units of vitamin D 
per day was given for 10 days. At this time 
hypercaleemia and hypercalcuria occurred, 
although there was no increase in calcium 
retention during the period of vitamin D 
administration. At a time when the scrum 
calcium was still elevated, administration of 
sodium sulfate had no appreciable effect on 
the serimm calcium or the calcium balance. 


It is suggested that “idiopathic hyper-, 


calcemia” may, in some cases, be an inborn 
error’ of metabolisin with defective jnactiva- 
tion of vitainin D, and also that the disease 
may be found more commonly among 
asymptomatic siblings of known cases than 
has previously been reported. 


We express our gratitude to Dr. John Peck, 
who pennitted us to study this child; to Manuel 
DeGurinan for technical assistance; and to Mrs. 
Mary Westervelt for secretarial assistance, 
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Viton D activity of plasnya in idiopathle hypercaleaemia 


By W. F. J. Curnnextson, Glaxo Research Lid, Greenford, Middlesex 


ISiupathic hypercatesemia is a conditioy noted in young children, from a few 
months toa few years old, and is $0 ca''ec because of the absence of any obvious 
couse for the typical Clevated levels of serum eatcium, The signs and symptoms of 

woed {19522,5), Payne (1952), Fancons, 
Girardet, Seltcsinger, Butler & Black (1952), Ligktwood & Stipleton (1953) and 
Creery (1053). Whe co rdition is charsicrized by hypercatcuria, hyperealcsemta, 


the disease have been described by Ligh 


cy ae@ ronal dvsfunetion. Pere is ziso.an increased absorption of Ca from the 
intestine, elevation of seruis citrate level, increased renal phosphate reabsorptica 
cad growth retardation; all these effects are closely sin Nar to those noted 3'ter 
adaaistretion of excess vitarrin D (Fetlers, 1959), except that in i opathte hyper. 
calccemia there is usually r idence that abnormally large amounts of vitamin D 
have been administered, 


Lo Saweod & Stepteton (153) observed that the discase could occur in one of other 
te forms, Ue benign or nvild, and the severe. The signs listed above are notice 


Ne in both types of paticnt, but those with the severe form typically displs 


covers! further features, physical and mental retardation, osteoscierasis and cardiz | 


systolic murmurs, and they frequently Comonstrate 3 typical facies known 3 


sia! fiery the severe condition may be chronic and so further developed than the 
trea er nid forma, which may be a more acute and usrsient nan.fcotation of 


[eae ete 
Le Vilas, 


1 


r 


he cevie manifestations, the renal and cardiac dariage, the ostcesclerasis and the 
-reatel and physical retardation are probably the result of the clevated serum Ca 
| ‘oyets, beeause the Wiscase can be controtied by measures that control serum. Ca, 
ep. certsune cdiministretion, induction of a negative Ca batince by administr 
teint Ca crivw: Fiat iaal 

S efac.ttew in Ca or low in Ca and rich ia p 


Ueacid, or administration ef ethytene 
issinctetra-ceetate (EDTA) (Crvery & Neil, 1943 Ferguson & McGowan, 1954: 
{  Cealusa-Carter, Dent, Fowler & Uarper, 1955; Stapleton, McDonald & Lightweod, 
+ 3450; Morgen, Mitchell, Stowers & ‘Phomson, 1956). | 

vic ters have frequently remarked on the close correspondence between the 
‘rnin D intoxcztien cad ihopathic hypercalccemia (e.g. Jo, 
"Great, 16543 Croc-y, 1953; Creery & Nel, 1954; Schise 
1956; Ligitwoud & Stpleton, 1953; Rontiain-Cacter et c!, 1935 


poe ue 


. Bi] 
Votes. ty gy. Mergan ef ef, 1950, Peters & Schwarz, 195$a; Chaney & Mints 
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2456) and it has indeed besa suggoated tht this condition may dein fact vitarzin D 
in wet 


mn chiltren especially susceptible to the toxic action of this vitams 
Mua 2! 2 9ggG). } 


IMiervic.! os 


tee” 


2 
Phe ulcin tof Ue idiepative Lyre : is much rarer in the USA 
C. fa oid Swen than in the UK bea Le bcm put forward 2s evidence H4 
. . 3 . * *. +. 
y PD umy Leo uric ad (Mugen et el. ty59), because, in 1950, he vitasas © 


nan el cn oe ren AE A aa 
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content of infant milk foods was lower in thuse countsics (about 40 1.u./100 mi in he 
USA) than in the UK (about 130 i.u./100 ml). Since 1957 the vitamin D cuntent 
ofinfant dricd milks in the UK has been reduced (now about 30 1.u./100 ml), and the 
aumin D content of infant cereal foods has also been similarly decreased (from 
shout 609-1900 i.u.joz to about 2¢0 i.u.juz) thus markedly decreasing the averaze 
cumin D intake of children in this country. It is not yet possible to state whether 
tose chang :s have been associated with a significant reduction in the incidence of 
ahupathic hypercalcaemia, which, over the past few years, has amounted to about - 
xventy to cighty cases yearly. _ 
Tdiopathis hyperealesemia could casily be explained if there had been an excessive | 
iatuke of vitamin D (and no evidence fur it could be discovered in most instances in 
spite of detailed inquiries). An abnormal sensitivity to the vitamin, an abnormally 
Ligh absorption and retention, a decrease in breskdown of the vitamin of its elimina. 
ton from the body or an abnormality in Ca metabelism might also each offer an 
aplanaticn for this dise.se. — 
Fscmnin D activity can normally be demonstrated in a number of tissues of the 
tady, since these tssues, or suitable extracts thereof, when orally adininistered tol 
rehitic rats may cure rekets to some degree. Culy in a very Sew instances has the| 
compound responsible for this Vivatin D activicy been identifed, by, for instance, 
ndiochenscal methods combined with cliromatugrephie and chemical procecures 
(Rudicck, 1950; Kodicek & Ashby, 1960; Kodicck, Cruickshank & Ashby, 1960). 
Thomas, Morgan, Connor, Haddock, Wills & Howard (1959) have shown that the 
Vitamin D activity of se: m is non-dialysable, that this activity is located, after 
eectroplovesis, between the a,- and a,-glebulins and that it is so whether the 
vitamin 2 (ergocalciferol) is administered to the paticat before cxzimination of the 
serum of edded to the scrum samp! 


in vitro. Assay of pooled human scrum fractions 


demunstrcted vitamin D activity in the a-globulin-containing fractions (1V-1,, 
IV-3), wich traces in fraction IV but none in fractions I, If or Ul. Fellers (1959) 
} teperted that the vitaniin D activity of the serum of a child receiving 60 eco i.u./day 
ey @otrivated about equally between the a-lipeprotein aed albuinin fraction and 
\ the high-density 2-Hpepretcin fraction. From these observations it may be ccn- 
Cuted that the vitamin D activity of scruin is probably due to the presence of a 
compound having vitamin D activity and associated with a macromolecule, 
Title is known of the fate of vitamin D when administered in physivlogical 
dass because of the extreme difficulty of measuring the minute quantitics involved. 
H Cruatchink & Kedicck (1955), Kodicck (1956) and Fetters (1y5y) foltowed the 
j fate of cr secalcifcrol by rodivcbetaik.! procedures, using UC-maracd ergccatciferal, 
, = by bivlogical methods after sdu.inistering large duses (40 0¢0 iu.) to the rat. 
5 Thee workers have shown thet, under these conditions, the concentrations ia the 
tver 2g h after dosing wcre much higher than ia the Licod and orler Uatues, but 
' that, wit'tin the neat few days, the concentrations fell more rapully in the liver than 
i inthe Lived. Covickshark & Noticck (1953) aloe showed that urly 3am il propocticn : 
5 if the sc ministered Vitamin D could be recevered from the teat rats (4% after t 4s 


tad lrg thar 2% after ¢ :'-) 2). bos pour rceuiery “us sown, by tests with MC- 


te 
° 


~ 
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inked ergosatciferot (Rocicek, 1956; Kedicck & Ashby, 1960) to be due parily 
to peer deur pied and partly to degradauea ef the vitamin within the body. The 


petsentge absorption sad degradation were siso found to be similar for doses of 
goose 1M. oF God iurirat, and, ot Teast at 24 h after sdiministration, the vitamin 
ee 
cf these doses. Vollmer (1959) dcmonstrated Vitamin D activity (sbout 20 1.u./g) ia 
shi end fiver sumiples obtained at post-mortem from a child who had been given, 
within the 3) days before death, 1-6 X 108 iu. vitamin D, 

Cerun, Spielman, Joosli, Thomas, Noncn & Turk (1947) showed that Hver 
concentr-tions in the young calf were initially hisher chan plasma concentrations 


ncentrations were higher in the liver Chan in the other organs of rats given cither 
. 


cf tke vitamin after administration of 50 coo iu. vitamin D, but that the plasma 
concentration fell only slowly during the sunscquent gi-day period. Heymann (1937) 
noted inthe rabbit thats week after administration of 209 o¢o United States Pharma- 


copecia units of vitamin D the vitamin acuvicy higher in blood plasma than ia 
vor than those in other ussucs 
Cop at lecot the neat 12 weeks. Ina scries uf lests on cogs aad rabbits, Warkeay 

\Bhe Heymann (1937), that the scrum vitsiiig D activity, once 
istration of a single larg: dose (160 ¢cO United States Pharma- 
cu, ccia units of vitamin D), only stowly retersed to previous levels (4-6 weeks), even 
cosh the initicl rise in vitamin 1 activity was rapid, occurring within the first 1 
ort dzys after dosing. 


the other tissues sad that plorina tevels reme ned 


(these is livle evidence as to the relative concentrations of the vitamin in liver 
‘sed under physiological conditions, but Devaney & Munsell (1935) reported 
the vitenin D activity of liver from pigs, sheep snd cattle as ranging from about 
“1 te og iu.’g, and Warkany (1937) hs shown the vitamin D activity of serum 
aples iron these species to be between about og and a-g i.u.;nl. Thus, uncer 

tonics! comuitions the liver reserves rosy be small coinpared with the quantity 
crculsicg in the blood} : 

athe pig, Quzrterman, Dalgarno & Adam (1963) have shown that, after treatment 
for 1 raumth with daily doses of 230 cco iu. vitamin D,/day, the vitamin D activities 
cf the fiver and Livod were both elevated to about the same extent (to 27 and 23 
iu. g respectively), whereas at 2 much lower dose level (330 i-u./day) the liver had 
sr coiviny oaty abeut half that ef the blood (0-21 ard o-52i.c.'g respectively). With 
a weck of withdrawal of the vitamin Dy doses, it was noted that the vitamin 2 
sctiviay of the Lace in both groups had fatten to about half tha of the blood. Bloc. 
Vitetzin D activities steadily fell over the next 6 months, to O15 and o-c$ i.w./g # 
these groups that had been given the high and low doses of vitamin rcepeciirly 
Vier vitamin activities were fuund to be about half these of the blood in bet 
bout this period, 
Moot of the Diced vitamin D activity has been shown to be in the plasma rathe 
tha the corperctes (Iloas, Light, Frey & Cress, 1932). The foregoing obscrvatot 
weed suygeat thet, at least wien large doses of the vitamin, whether vitamin D,‘ 
Vitacia Dy, are adinizistercd, seme of it may be preferentially deposited in © 
liver, thoegh wishin a relatively shen period the Uver conceniration may fil a 
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dat in the blood imay thea be higher, At lower, presumably physiological, doses, 
he blocd levels are higher than those of the liver and ail other organs examined, 


Pin man the vitamin D sctisity of blood serum was found, in Cincinnati, to be a 


ae (Warkany, 1936; Warksny & Mabon, 1949), 0 herces in Baltimore (Themas} 
dul. 1959) and in the UK (Cuthbertson, 1463) a sinntar but slightly higher mean} 
vue (: bout 2 i.u./ml serum or plasma} was reported.\Phe liver vitamin D activity} 
has bee determined in two subjects (Cuthberison, i963}, both aged 10-12 months, 

The control, not suffering froin any disease of Ca metabolisin, showed an activity 

fabout 3 i.u./g liver, but the hyperealeaemis paticnt’s liver contained tess, about 

riu.ig liver. Serum vitamin D assays were not carried out on cither sudject, but it 

canbe scen that the liver activity was not greatly different from what would have been 

pected in the plasms of these patients, 

‘The serum vitamin D activity may quickly be raised in man by administering 
the vitamin; with daily doses the rise may continue from a few hours after the first 
dose to reach a maximum level after several weeks (Thomas ef ef. 1959; Warkany, 
Geest & Grabill, 1942). As in animals, the serum activity, once clevated, is slow to 
subside, several manths at least being required for return to normal levels (Warkany 
eal. 1942). 7 i 


Table 1. Serum rieowis D activity (i.u.jml) of paticnts given daily doses of ergo~ 
calcferol for periods of wore thaa 1 month : 


Scrum vitamin D activity . 
Armthrive Mypuparsthyrad Tt 
Dotty dow patients pationts 
G.w) (Warkany ef af. 1943) (Thomas et al. 199), 
50 00@ ib-g 40, 40 
100 60® a 39, 48.50 i 
140 00@ 66 : ~ 
185 cce@ 33 ~— 
y 290 000 rey 38, 8 
349 coe ‘35 . ad 
490 008 139, 9@ = : 
$00 coe e, 530 as . . 


. e 


Table : shows the maximum serum vitamin D activitics attained in two groups 
of patients who had been prescribed known high leve!s of the vitamin for periods of 
tame never less than 1 month and moatly considerably longer. One group (Warkany 
tt al. 1942) suffered from chronic proliferative arthritis and the other (Themas 


#6! 1959) fron hy poparathyroidism[ The results in Table 1 clearly show that the - 


verem vitamin D activity cannot be precisely predicted from the dose given Even 
Se livel attained with a constant doscge may vary unpredictably (Warkany ef el. 
162), but in at least one paticnt, and perhaps in others, part of this variation may | 
Seve bean duc to failure to take the dose prescribed. Thomas ef al. (19,9) have shown. 
tthe relation between scrusm Ca level! and serum vitamin D activity is a'so varizb!e, 
Thus it apocars that there are from one person te anosher Large quantitative difer- | 
Tcz6 in response to a given dose of vitamia D. 
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A number of determinations of vitamin D activity have been made on 8: 
(or plasma) samples from patients with idigpathte hy perealcaentia and are sumn 
iced in Tatts 2 (Lang & Kiardt, 1957; Feilers & Schwartz, 1958e,6; Fellers, 1 
Thomas ef e!, 1959; Smith, Biizzard & Harrison, 1959; Cuthbertson, 1963) 


Table 2. Vitamin D activity of plasma from paticuts tcith idiopathic hypercalea 


Tue then 


‘l ‘ Svrum fur vitamin O 
No. of patients for plasma) activity to 
Reference and and type® of vitanua D ducting to 
country of origin wtiepathie acuvily aonnal level 
of samples hypercalcemia fiwiml) (months) 
Lang & Hlardt (1957); a, severe 4 ee b 
W. Cormany 
Felcre & Schwartz (ig gfe); 10-39 >is 
USA 
Fefturs & Schwartz (19355); 3, severe ‘woe e >iy <at 
USA : 
Fetlers (1999); USA ; 20 . ? 
Thomas ef al.t (1959); a,euld Normal (1-3) : _ 
UK : “re “oo 
Seaith et ef. (1959), USA 2, severe a3 G >s 
Caurhbertsen (1463); UR 6, mild - Normat (1-3) — 
g, evere Nema (3-3) 


®\fid of crete according te the criteria of Lightwoad & Stapleton (1953). 
gPaets sutfering from mild form of discase (R. G. Michell, 1962, pe! 
« conmmunication). 

/ - 

* ‘The plasma and serum vitamin D activities recorded in samples from two f 
with the benign forny of the disease (R. CG. Mitchell, 1962, personal communi 
by Thomss ef ef. (1959) and by Cuthbertson (1963) on other similar fF 
were not significantly difcrent from norma! valucs or from valucs 
mined on control patients, i.e. 1-3 i.u.fml. Similasty, ia serum from a 
suffering from the severe form of the disease, Lang & Eiardt (1957) found a 
D ectivity of shout 4 iu./ml, ie. a Hitle above normal, as might perhaps ha 
capected in this patient, who had received u.v. light treatnent and Caily 
yoce-16 00 iu. vitainin D, apart from the administration of a total of + 6co 
vitemin D in three separate doses during the previous 2 years! 

‘The paticnts with the severe condition, reported by Fellers & $ 
1938.0) and by Smith ef af. (1959). present a different situation, in that 
gerurs activitics (Table 2) found were such a3 wculd only be expected to res 
the cd:cisistection of large amounts (imure than 29 0co iu.) of the vitar 
The vitamin D iniske of thesc pationts, 23 reported by Fetlers & Schwart 
and by Smith ef af. (1959). 638 in no way abaormal, ranging from abou! 
gece iv.iday and would certainty not be expected to have induced 6 
scrum levels in normal patients, These results differ markedly frown the 

i ° 
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um 13 Cuthbertson (1963) (Table 2) in 3 series of five patients with the severe 
ue hare of disease, ic. suffering from imental returdaiinn, systolic murmur, 
393 | nangaraband and the typicrl ‘clin’ facies. Plasma saraples were net ol:, «-! from 

jtrce of these paticnts until they had been on a cict free from added siamia D- 
«a period of froin 4 wees to G] months; it is thes posstbte that the vitamin D 
tivity may have fallen during this period. Even so, had these patients resembled 
{ose 0 lers & Schwartz (19§5c) or of Sinith ef al. (1959), the vitamin D activity 
E ave been elevated even after this lapse of time, for these suthors noted 


‘evated serum activity from 6 months to 2 yeara sfter stepping the administration 
‘vitamin D. Plasma samples were taken frum the other two severely affected 
tients, in one instance before transfer to a dict {ree from vitamin D3: the sample 
own the other patient was taken 10 days after removal of a‘) sources of vitamin D 
| om the diet. These two samples were both shown to have vitamin D actitities 
lithin the normal range and not to differ in this respect from control samples 
sayed at the same time. 

| The condition noted in the severely affected patients studied by Cuthbertson 
63) cannot thercfore be attributed to unusually large cosets of vitamin D 
| svause these infants had received average amounts, from 1000 to 3c00 Lu. 
. Jamin D/day) or to ufusvally high levels of circulating vitamin D (which could 
: ave been brought about by abnormally effective absorption, by eccreased elimina- 
sn of vitamin D or by other means); they would scen: best to be explained by an 
susual sensitivity to dozes of the vitamin normally quite harintess or to some 
Ler derangement in Ca metabolisin. The severely affected patients observed ia the 
| SA by Fellers & Schwartz (1958a) and by Smith ef ef. (1959) a! had exceptionahy 
zh serum vitamin D activities, sufficient casily to account for the observed state 
| these patients, not unlike that to be expected from chronic vitamia D intoxication; 


aticnts | is thus not necessary to postulate any abr.ormal sensitivity to vitamin D in these 
catice) | tients, The high level of circulating vitamin D is, however, more dificult to 


atients, |-2!tin, it could have arisen from undisclosed or unknowing admin! tration of large 
deter: | 5 of vitamin D before or during treatment, though it is unlikely that it wou'd 
patient j-¥¢ escaped notice. Even if it had occurred, the scrum vitzmin D activity would 
cjtamia |. to judge from the work of Warkany et a? (1932), have been expected to remain 
ve hect | vated for so long after removal of vitamin D froin the digt. Iz may ther-fore be 
loses of | certain instances of the severe form of idiopathic hy percelezentia sre deowshe 
ooo iu jut by a derangement of vitamin D metzbotism that pern its high levels of circus 
ing vitamin D cctivity even when the subjects have sccived only everage smeunts 

chwarv. pm the dict (1coo-5000 iu./éay). In patients with the benign form of the discase, 
the hizt ,‘stucics on serum and plasma vitamin D activity (Thomas et al, 1959, Cushbertson, 
ult froz 53) have shown the levels to fie within the normal! range, so that the con- 
jn dais Sen may be duc to an enusual sensitivity to the vitamin. It is atso possible, in 
1 (ag38-1, “h the severe and Senign furms of the discase, that a derangement of Ca rtadefiom 
| $000 &  Mimarily responsible, in that the cond iion is sssocivied wish an unusestly oictent 
ach high; erption of Ca (Creery & Neill, 1954; Nonham-Carter ef al. 1955; Morgan et ef. 
ee foue! 36), and that improvement follows reduction of the serum Ca levels, whether it 


e . 
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is brougia about by tresiment « ith cortisone, ED'T.A of phytic acid, or simply by 
maintenance on a dict lhe in Ca (Morgan ef al. 1936). ‘The single observation on live 
stores, in a patient suffering from the benign form of the disease (Carhhertsog, 
1,93) end a caatrol js 


rut, again supports the suggestion that \.tainin D 
pigtabotiam is net deranged. Both the thy percaleacmie patient and the contre 
had heen teceiving 3000 Lu, vitamin Day, the control up till the tine of the 
pationt’s death, though the vitaaina had been withdrawn from the dict of the hyper. 
es ie potiont about 1 mont before ceath, "The fact chat rather less vitumnia D 
activity was found in the paticnt’s liver than in that of the control is thus not sur 
prising in view of the small zmounts of vitamin D found in the livers of animals na 
woven Large doses of the vitantia (Devaney & Munsell, 1935) and the known rapid rate 
of diseppearance of vitamin D from the livers of animals given the vitainin (I Teymana, 
1957; Warkany, 1956, 1937; Quarterman ef ai. 1663). These observations on liver 
vitemin D activity, as on plasma and scrum activites, have failed to demonstrate 
anything abnormal about vitanin D activities encountered in at least the beniga 
forin of idiopathic hypercalesemia. Rat biological assays, which have been used in 2! 


the studies queted, can throw no light on the suggestion by Thomas ef al. (1955) 
thet the abnormality inzy reside in the eccumulation within the body, and the failure 
to cain 


inate it, of a vitamin D derivative, such as, for instance, dchydrotachysterel 


ldch may have a potent eifect on Ca mietudetism in man and yet have little ore: 
ntirsclitic eifect in the rat. Pusther investigation is required to determine whethe 
the Wsesre may be duc to an abrozmal sensitivity to vitamin D, since these paticnt 
show tule responses to Coses closely similar to those conmmonly necded to enser 
nur! utilization of Ca, or wheiher the condition maj ¢ due to an error in C 
rietebctism and so toa large exten. independent of vitamin D intake, 2t least withi 


the range of vitamin D intakes commonly encountered ip is county. 
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Nutritional problems in the immigrant population In London |. 


By C. Entc Stop, King's College Hospital, London, S.E.§ 


uring the past 10 years the immsigrant population of this country has increased 
erermously, The three main countries of urigin have been the West Indies, India : 
aud Pakistan, The immigrants largely settled in the big cites where they tended to 7. 
acgregate in certain arcas. In London, Priston and Camberwell have a very high 
proportion of West Indian people. It is interesting to note that, although the number 
of immigrants entering this coyntry has been greatly reduced as a result of the new 
inmigrstion laws, the birth rate among these already here is very high. In Dulwich 
sad St Giles Hospitals in London the number of Weat Indian bubics born totalled 
ter 1¢00 ast year and is increasing annually. It is obvious that the number of 
ianigrant people in the big citics will continue to increase and their medical 
problems should therefore be well undersiood. A few of these problems re genetie- 
sty determined, such as sick!e cell anaemia and thalzssacinia, but these diseases are 
ancuminon, Much more important are the problen.s related to the adaptation which - 
has to take place of these non-indigenous peupte to their new countzy. 

West Indiaa children are ocezsionally seen in our hosrital with minor shin changes 
suggestive of deficiencies of vitamin \ and ihe vitamins of the B complex, These 
changes are nearly always very mild and diszgreciment ariscs 38 to whether or not 
they are significant. Of recent years however two nutrivional diseases have been . 
decribed ainungst immigrant children, namely iron-deficiency anaemia and rickets, 
Duth these discases otcur with a frequency and severity which leaves no doudt that 
ey are an imipurtant aspect of the healih of the children of the immigrant come 
muzities, Nearly all the affected children were bora in this country of percents who * 
hid immigrated here. In November 1960 attcation was drawn to the high incilence 
d irun-defciency anacinia among West Indian children in the Camberwell and 
Sristan areas of London (Davis, Marten & Sarkany, 1960). They investigated a 
total of 114 infants whose ages ranged from § to 23 months ard of whom forty-seven ~ 

ere West Indian and sixty-seven were European. One of their interesting findings 
Scs that the weights of these children showed no otstsiical ditrcnce Sut the 
temeztyhin levels of the West Indians were significantly lower at all ages thin those 


a i cerate 
THE BRITISH JOURNAL 
OF NUTRITION Dw? 


m 
w 
Ww 
an 


° 


mmc ae en ee 


EDITED FOR THE NUTRITION SOCIETY 


Editorial Board - 

W.R. AYKROYD 1. J. HARRIS 

A. L. BACHARACH W. J. E. JESSO$ 

C.C. BALCH 1. MCDONALD (Assistant Lditor) 
A,W. BOYNE H.N. MUNRO * 

D.P. CUTHBERTSON A. T. PHILLIPSON 

J.N. DAVIDSON ALB. SMITH. 

R.C. GARRY A. M. THOMSON 

RW. GIRDWOOD i. M. WIDDOWSON 

S.K. KON (C¢ hairman) 


: 
a | 
“ 


VOLUME I7, 1963 


CAMBRIDGE 
AT THE UNIVERSITY PRESS 


ee ee eee 


mulated 
* poriod 
a fo the 
j 

round 
‘ abilita- 


1cincut 
‘helpfal 


Hier has 


q 
I 
4 
! 


: Brit. J. Nutr. (1963), 17, 627 


'Che vitanin D activity of plasma of children 


SI 
with idiopathic hypercaleaemia 


By W. F. J. CUTHBERTSON 


Glaxo Rescarch Ltd, Greenford, Middlesex : 
(Received 23 April 1963 --Revised 21 June 1963) 


Similarities hetween idiopathic hyperealeaemia of infants and vitamin 1) intoexica- 
tion have fed to the suspicion that the former may be caused by giving necdlessly large 
doses of vitamin D to children who are more than usually sensitive to its effects or who 
absorb it with unnsual efficiency. This view dias been strengthened by the rarity of 
idiopathic hyperealeaemia fn the USA and in Sweden, countries in which the 
vitamin Ddntake of children used to be much less than in the UR (Morgan, Mitchell, 
Stowers & ‘Thomson, 1956). # 

In the USA Smith, Blizzard & Harrison (1959) reported a serum vitamin D activity 
of 23 i.u./ml ia one patient, and Fellers & Schwartz (19584, b) aoted high activity, 
between 20 and Go iu./ml, in three patients. ‘These findings support the view that idio- 
pathic hyperealeaemia may be caused by overdosage with vitamin D. On the other 
hand, ‘Phonias, Marga n, Connor, I Taddock, fils & J Toward (1959) reported essentially, 


normal vitamin 1) activities (1--3 i.u-/ml) in samples of scruis sent to the USA fiom 


patients ithe UK, The work to he reported here was carried out further to investigate 
the condition in the Uk. 
EXPERIMENTAL : 

Samples.F Samples of heparinized plasma, 5-10 ml, from patients suffering fromm 
idiopathic hypercalcacmia were tested, together with similar samples obtained at 
approximately the same time from control patients of about the same age und sex but, 
not suffering from any abnormality of calcium or vitamin J) metabotisin} All diagnoses 
were made by the physicians and pathologists named in the acknowledgements, to 
whom ] am decply grateful for providing the plasma samples. 

In one instance, serum samples from the hypercaledemic patient and from the 
control were provided but this mistake is not thought to have affected the results, 
because in other experiments no significant differences could be detected between the 
vitamin 1) activity of serum and plasina from the same specimen of blovd. MI samples 
were frozen quickly (to prevent protein separation) and stored in the decp ficeze until 
assayed, Tests not reported here have shown that storage in a deep freeze for a period of 
several months, with melting and immediate refreezing at monthly intervals, or storage 
for up to 14 days in the refrigerator (4°) does not lead to loss of vitamin TD activity. 
[Lis ers froma child who died in idiopathic hyperealeacmia and from a control child 
dying from another condition were stored in the deep freeze until required The livers 
were saponified by the method of E, Kodicck (personal communication). ‘To cach 50 
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of Jiver were added 30 ml absolute aleoiioal and pind saturated aqueous KODL ‘The 
mixture was then heated for 30 min on a steam-bath gud then sllowed to- cool. ‘he 
digest was extracted four times with equal volumes of peiuxide-free dicthy] ether. he 
itracts Were washed with water to eliminate lea, deicd over auhydrous sodiuin 
sulphate, evaporated and taken up in arachis oil. ‘The extinets were diluted further 
with arachis oil and assayed by the routine line-test procedure as esed fur oily vitemin 
D preparations in these laboratories (International Uniun of Pare end Applied 
Chemistry, 1959) on forty-cight rats in cach assay. [The vitamin D uciivity of the 
plasma simples was also determined by the liue-test rat ioaty ncthod. Litters of four 
ar cight rats were placed on the rachitocenie dict at 21 days ofape, After 14 days they 
were divided into groups, cach of at least six rats, matched for litter origin Lut other- 
wise randomly selected. ‘Phe animals in two groups Were cach given, daily, cither 0-2 or 
o-2 ml of a standard arachis oil solution containing: 2 Lucvitamin D/ml, these in the 
other groups being all given, daily, ont nil of arachis oil with either 0-05 or ort nlofthe 


’ 


x 
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pasma sample. All doses were piven only by syringe for a ro-day period, at the end 
of which the animals were killed, the tibias were dissceted, and te devree of rickets 
was assessed hy the line-test procedure. ‘The vitamin D activity of the test sample was 
then calculated in. terms of the standind.\ 


Table 3. Vitamin D content of liver fron: a cid ccith mild iliupathie hypercelacmia and 
froma child not suffering from any known deranzement of calcium or vitamin DT) metabolism 
. ee Vypercaleaemic child® Control 
Weight of liver (1) wee 175 : 336 
Total vitamin 1) activity and fiducial rimge 120 (50-150%,) : ‘ 435 (43-1300 % 
(P = 0-95) (itu /liver) ' 
Vitamin 1D intake (i.s./day) 3000 until: arunth before death 3000 


® First case described by Rhancy & Mitchell (136). 


Table 4. Plasma vitamin D activity of childion with different vitamin D 
: e e ° 
(ergocalcifival) intakes 


Child and sex ope K.n., 2° Pill ALYP., © 


Aue 1§ months Byers - y yours 
Condition Aminoseciduria Cy:tinosis Vitamin D 

! Inloriculion 
Erpocaleiferol dose (ia fday) 1000 20000 150000 
Period of dosing before test 8 months 6 years 20 months 
Pima vitamin D (ita. tal) 3 210 > 20° 


© ‘The aetivity of this sample could have been very much higher than indicated, 


RESULTS 
The results obtained on examination of samples from six pationts with the mild and 
five with the severe form of idiopathic hype realeaemia are summarized in ‘Tables 1 and 
2 respectively, together with other relevant fucis and the vitamin D activity of the 
samples from the control patients, 
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on lata fiom three childien with Precisely defined vitauain 1), (ergordd nea 
intakes. 


DISCUSSION x 

I The results piven in {ables a euid = show that the vitamin D Activity of 1) the 
samples examined fell withia the Mage O° 5-0 Lu/ml, which is in ChUSe asst gaisene 
with results of determinations wade by Thoms ef al, (4954) 02 normal su. 
Further, they show that the vila for patients with the severe or the wild forme: 3 
disease donot diferfiomen di econtrols, One ot the ers 
jl. K., was a twin, and her ty: sister Was used to provide « control plasms Subtitle 
Roth children were brought up sid fed in the ssine Way iu given the same vias... 
supplements until admission of the ailected twin to huspital, except that fur so: 
before entering hospital the eiiccied twin had a poorer appetite, 

In only five itstunces were samples ebtained when the pationt lad been on mee 
free from vitamin D for Jess than 10 days. It coulAhiercfure be argued thit ply 
Vitamin D activity might originally have been jnvh but thit this activity had @loar. 
number of the paticnts during the time they had been kept’ on the Vilamiiss Dets¢e 
regimen before assay. Had it been sy, then the difference between the ANIVits ot 
samples from Pationts and controls should have been much greater for patients Moi 
A.C. ELF, PR. and MP. than for the others who had been under ueatmen: Jerice- 
hefore examination, Yo fact, the values for thew patients did not differ from these 1+ 
their controls any more than did the others in this series. 

TSintth ¢¢ al, (194y) and Fellers & Schwartz (1y5S8a, b) showed that the high sro: 
Vitamin 1) activity noted in their pationts with idiopathic hyperculescmia feil .a. 
slowly after they had been transferred to a vitaniin D-fice dict. Warkiuy, Guest 4 
Grabill (1942) and ‘Thomas et al, (195) have shown the serum vitamin D aalivesy, 
once clevated by administration of vitamin D, may take sever) tuonths to retus: * 

vormal. ‘Thus if any of the patients in this serics had had si;snificuntly clevated placa: 
Vitamin 1) activity before withdrawal of vitamin )), then this value would be Cdpootee 
still to have been hieher than the control Vitluc for several months afterwards. In tac: 


Ne tis. 


significantly higher levels were not noted in any of the petionts in this series, so that it: 
unlikely that the condition in these patients could have been associated with a heci 
plasma vitamin D activity. : 

This conclusion is supported by the fivures in ‘lable 3, Which show that the In.: 
stores of a child who died in idiupathic hypercaleacmia were in fact sanaller than thes 
ofa child of the same age who had heen receiving about the same amount of vitanne D 
The hypercaleacmic child had not been given any vitamin D for 1 month beter 
death. ‘This fact could explain the lower vitamin 1 content of the liv er, but the fact 
that the child was certainly sufferine from idiopathic hypercaleacmia at death slow: 
that a high vitamin D status is not necessary for demonstration of the candi: 
Unfortunately the vitunin D activity of the plasma could not be determined, but th: 
liver vitamin D activity, about 1-2 iu. 4g, was not much different from that expeetesd 1 
plasma froin children of this type. Devaney & Munsell (1935) showed the vitamin 1 
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Vol. 17 Vitamin D in iiopathic hy peice hacmia O31 
content of livers of sheep, cattle and Pirs to be about og- O's i.u/¥, which is S01C- 
What lower than the HCUVITY Of scram (0°5-~1 1. tii) found in the same Species by 
Warkiany (1937). More recently Quorternzn, Delco & Adam (1463) huve shove in 
the piv that blond Vitunia D actiy uv is hicher thon thet of the liver. Our findings may 
therefore indicate thatin man, as in some other Species, liver Viiunin D Stores are 
sail, at least in individuals Feceiving: moderate Mavuunts of the vitamin, 

Table 4 shows that r000 i. Vitamin idsy con maintain a phisina vitamin D 
ictivity of about 3 iwjnd, dazes of 20005 Lu./day can cause a wuthed vise in the 
plasma vitamin D actiy itv, and 2dministiation of 150000 Lu./day causes a sll further 
increase in plasma vitamin D activity. It appears Unie the plasma Viisinin D uclivitics 
found both in the IGiopathic hyperealeaemic patients and the controls of this series ue 
what would be expected from the Vitamin J) Intakes of the children as calculated from 
the available information on the foods and vitamin Supplements piven to them, [he 
results obtained agree with those reported by "Phomes ef al. (1059) for tie mildly 
affected paticnts (R. G. Mitchell, 1962, personal Comuinunication) but differ markedly 
from those of Fellers & Schwartz (1958a, b) and Sinith ef al. (1y5y). The last two 
roups of workers reported high serum vitamin J) ecuivities in the hypercilcaemic 
patients (all of the Severe type). My own observations dy NOt support their hypothesis 
that an abnormatity of vitimin D m<tabolism azsucizied with an iuerease in serum 
Vitarin J) ACtiVity is a Necessury prerequisite for the disuse, though it MAY sonictimes 
be so. A more likely explanation is sn abnormal scusitivity in these Patients to the 
toxic effects of vitamin 1) or an abnormality in calcium met:bolism: not caused by 
Vitamin D, However this may be, the resulis showethat in this Scenics of pstients uhe 
disease could not be ttibuted either to an unusually hich intuke Of vitamin D or to un 
wausually high plasma Vitamin 1) activity, 


SUMMARY 


%. ‘The plasma vitamin D ACtivitics of a series of eleven children suffering fron, 
idiopathic hyperealeaemia (five with the severe and six with the mild form of the 
discase) were found not to be Significantly Jevated jy comparison with values deter- 
mined at the same timc on plasma samples from healthy children of like sex and aye, 

2. ‘The vitamin D content of the liver of a patent dying with idiojg thie hypereal- 
caemia was found to be lower than that of the liver fiom a control puticnt not suffering 
from eny derangement of calcium or vitunin D metabolism, 
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A rericec of the literature indicatce 

flat hupercale aia vceurs more frequently 
thax ouc suapeets, The evilevia for 
diagnosis are wil! established; homecrer, 
detecting its clinical presence aud 
Cctcruiaing ile cavse oft times tarce 
the skill of the moat aatute, 


HISTOKY-—FAST AND PRESENT 


CuIsicaL IDENTIFICATION of the varl- 
ous hypercaizemic stotes necessarily origi- 


nates from the unutomical identification ant 


phyriviogical knowledge accumulated from 
ptadies of the Purszthyrold glands. 


In 3820 Ivar Sardstrom gave the first | 


unatursica, Gescription of the parathyroid 
giants. Gley, in 1831, demonstrated tetany 
fulluuing removal of the parathyroids, Nine 
sears later, Von Recklinghausen described a 
bore ditcuse which he felt was primarily 
usscuus in origin and termed this patholog- 
feud state “Oate:tis Fibrosa Cystica.” In rete 
respect, it aprears that these esacs probubly 
represented the classical Lone changes of 
Jorg-standing, nevere, hyperparathyroldism. 


sears It of Mygercalevene sil opgrer te the Aanateh tener of 
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‘Erdheim, in 1906, pumted out the relation be- 


tivcen culclum metabolism and the function, 
of the parathyroid glands. The original exe 
periments of MacCallum and Vocgtlin in 
1908 proved that tetuny occurring in para- 
thyroidectomized animals was caused by a- 
low xerum calcium and was umeliorated by 


intravenous injections of soluble calcium - : 


salts.'-* 


In 1924, Felix Mundi In Vienna success- . ; 
_ fully removed a parathyroid adenoma in a 


patient suffering from generilized Osteitis 
Albright? also described 
the first diagnosis and study of a puticnt 
with primary hyperparathyroidism by Du- 
Rola in this country and states that both of 
these patients had xuch extreme one In- 
volvement that the skeletal structure was al. 


most a gelatinous mass, As clinical obstr- * 


vatlona cuntivusd and data relative to the 
clinleal picture of hyperparathyroldism ac- 
cumulated, there evolved an impression that 
Done discuse was a primary manifestation - 
of hyperparathyroidism. As observations 
were extended, parathyruid over-function 
Was soon found to be associated with -hyper- 
calcemia, hypophosphatcmia and hypercal- | 
clurin und the ucecptance of a dlagnosia was - 
limited to these criteria | 


In 1924 und 1925 Hanson and Collip fur- 
ther substantiated and amplified the work of 
Gley and Erdheim by preparing an extract : 
uf the parathyroid glands which contained 


an active principle of the parathyroid her- 
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ANE FOR” PURPOSE 


Mone. ‘Lhey demonstrated elevation of the 


serum calclum following Infection of this -- 


hormone aid ensuing anima! studies tended 


* fo substanifate the presence of hypercaleem- 


ja, hypophosphatemia and the hypereateiurla 
a8 Was rep 
of hyperparathyroid activity in nan F 

Later it was realized that bone lesions 
need not necessarily be present in hy perpara- 
thyroidism, and the Importance of nephroli- 
thiasis was recognized so that many’ cases of 
parathyroid over-activity were diagnose 
from the Inceni ve projecting from the obscr- 
vations made ©. renal calcinosis. Further 
modifications in the criteria for the diag. 
nosis of hyperparathyruid activity unfolded 
through the years so that It is now accepted 
that some patients have hyperparathyroidism 
without nephrolithiasis or bone disease and, 
more importantly, present only minimal 
chemical abnormalities. It is now known 
that although an elevated serum calcium is 
atill the most important single laboratory 
finding in this discase, the degree of cleva- 
tion may be only slight.* 

About 1928 it became apparent that there 
existed clinical atates of hypercalcemia with 
ho evidence of over-activity of the parathy- 
roid glands. Mess and Lewls_ (1928) de 


_ scribed the occurrence of hypercalcemia and 


hypercalciuria in patients given large 
umounts of Vitamin" D>. In 1929, Aub! and 
his ussociates reported a ease of hyperfune- 
tion, of the thyroid gland which was associ- 
uted with hypercalcemia and Increased ex- 
cretion of calcium and phosphorous in the 
urine. Since this time there have been nu- 
Merous case reports of elevated serum cal- 
elum occurring in hyperthyroidism and the 
Presence of hypercalcemia has been docu- 
mented in 19 cases.* 

The diagnostic differentiation between 
hyperesteemin resulting from parathyroid 
over-function and hypercalcemia resulting 
from other etiologic factors Pprogromed grad- 
ually, By 1934, the classical picture of hyper- 
parathyroidism waa well-defined and by 
1955 about 750 cases of hyperparathyroid- 
ism had been reported in the literature, 97 
ber cent to 9S per cent of whom had cither 


hone or kidney complications or both. 


In 1949, Albright and Reifenstein present- 
ante Hint of the most-comnon clinical causes 
of hypercalcemia. This list ix presented ta 


ee 
° 


Gillle ane, aa anweuded by Huth. 
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TABLE ONE a“ 

- Primary byperparathyroidisra 
Sarcoidosis m 
Myyperthy reldian® 
Nevplasmmr with skeletal Sesion 

- Necplasm euhoct skeletal lestong® 
Taumelutizntion with, for example: 
tal Paset's Disease 


tI Parsiytic plomyelitig  ~ 
- Vitonin D irtovration 
. MIA ANAL Syndrome 
. “Lateratery errr” 


“Arperihymptcism eng nerptesm wti® ost steivtss twriens weep 
BOL Wt luées as ihe Origires Lot of Aesight aad Retlensiom. 


As Hut! * indicates, this original Mist has 
grown only by the addition of hyperthyroid- 
iam and neoplasm without skeletal lesions. 
We further indicates that finding the cause 
of an clevated serum calcium has Lecome an 
Increasingly complicated procedure; for ex- 
ample, recently there has beer, reneried, with- 
in the aume patient, multiple causes for hy- 
Percatcemia such as hyperparathyro:dism 
Associated with Paget's Disease,"? the case 
reported by Jackson, ef el.,'* und the case re 
borted by Goldberg and his associ:ie, Toe 
rack" in which a functioning parathyroid 
adenoma occurral with functioning hyper- 
plasia of the parathyroid p'ands, 

To the above list, we sizgest that the fol- 
lowing causes of hypercalzemia might be 
added: The hyperealeemia of infancy ;'s** 
adenomatosia uf the endocrine ylands;"* -** 
and the recently reported cases of hypercal 
cemia due to parathyroid adenoma super. 
Vening in circurastances of glomerular (2- 
ure with stimulition of the $«rathyroid 
gland by the elevated serum phosphorus =? 

Nordin?? reports that he has secn two 
cases in which all the available evidence sup. 
geated that the primary lesion was pyelo- 
nephritis, yet a parathyroid adenoma was 
found at autopsy. He states, “it scems pos- 
aible, therefore, that continuous stimulation 
of the parathyroid: ylands oveusionally aray 
lead ty independent adenoma format:on. 
These curses differ from the usual! type cf 
renal failure with secondary hyperparathy- 
tuidism in the very great severity of the 
Osteitis Fibrosa, ° 

“The diagnosis of primary hyperparsthy- 
ruidism in the presence of advanced renal 

o failure is extremely difficult, if not Impon 
sible, owing tu the depreasion uf serum cal- 
elum which follows the clevation of serum 
phosphorus, However, theuretical cursidera- 
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tions and actual observations suggest that 
cepression cf serum calcium by an elevated 
serum phosphorus does not occur until the 
latter has reached a Jevel of about six or 
seven milligrams per cent Hypercalcemia 
due to primary hyperparathyroidism should, 
therefure, remain detectable until this de- 
gree of renal failure has been reached, when 
it is very untikely that removal of a parathy- 
roid tumor would modify the course of the 
disease. The problem, therefore, is some- 
what academic.” 

Since 1928 there has appeared a changing 
concept regurding the causes of hypercal- 
cemia, tiking root from the original demon- 
stration of an clevated serum calcium as re 


dated to the aver-production of parathyroid 


hormone. By 1949 other obvious causes had 
hboen reecgnized, as enumerated in the modi- 
fied Vetings of Albright and Reifenstcin, and 
aa clinicians became more aware of the multi- 
phcity of disorders capable of producing hy 
pereukermia, (here appeared a parallel in- 
Crease 
the mechanisms involved in producing 
such a state. These theorles and concepts 


were altered and compounded by the appcar+ os 


ance of more than one factor capable of pro- 
ducing an elevated serum calcium which de- 
velopad simultancously in one patient. 


Tolay the field of calcium metabetism {s° 


o:.ce more in the realm of clinical and re- 
search interest, so that new conccpts, new 
observations and new data are being fed Inte 
the stream of knowledye, Nevertheless, the 
factual Information available still presents 
huxe gups which are slowly being closed by 
the accumulated accomplishments resulting 
from this resurgent interest. 
My: 

ocurrir.g in an axsurtment of benign and 
matiznant statex. It ia now accepted as a 
fuirly frequent occurrence und is nut looked 
upon as the rare disturbance it was once 
consitcred. One wonders about the paucity 
of reports resending parathyroid pathology 
ta the Mierature ef the curlier centuries, Lut 
a review of autop-y results discloses that 
frequently the purathyroida were not iden- 
tificd postmurtem, for in many cures dixsce- 
tion of the neck In anticipation of possible 
yurathyroid pathulovy waa not done. Major” 
in his classe descriptions of discase docs not 
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in the velume of explanations as to . 


ccalcemia is a polymorphic concition ‘ 


devote any part of his book to the parathy- 


roids nor to diseases involving calelum Im- 
balance. 
It is diffleult to find any particular 


reason for the present revival of interest in _ 


the parathyroids and calcium metabotism. 


Two factors however, are probably most im. : 


“fon oe renaissance: namely, the re 

yon’ ‘ation of the presence of para- 
» » oma in the absence of renal 
minima! chemical changes 23 re 
+ serum calcium and serum phos- 
phorous «\ sk, and the recent purification of 
parathyroid hormone which opened pathways 
to further ¢ fvances in knowledge as it per- 
mitted the determination of the chemical 
structure, stimulated attempts to produce a 
synthetic preparation and opened the way for 
more definitive studies of the pharmacology 
and confirmation or rejection of present 
thoughts concerning action Qf the hormone 
upon bone, kidney, and other tissues. In 


A 


addition, it may present the opportunity to 
modify or apply new diagnostic procedures 
and may disclose ney therapeutic uses. 


SYMPTOMS AND SIGNS OF 


’ 


HYPERCALCEMIA 


Although some confusion and variation of: 
thought atill exists regarding the--mechan- 
{sms of the various hypercalcemie states, 
there is unanimity of opinion regarding the 


multitude of clinical disorders in which hy-. e 


percalcemia may appear. Besices hyper- 
parathyroidism, the clasale cause of hyper: 
calcemia, one serics reported as many ns 23 


per cent of patients with advanced brenst’ 
_ cancer, another aerics of multip'e myeloma 
cases reporied an incidence of 40 per cent,” . 


and 30 per cent of paticnts with sarcol- 
dosis,”-** and slightly less than one-third of 
lung cancer.” 

All observers agree that hypercalcemia can 
by nebulous, tending to escape detection and 
may well be culled the “clusive evildluer par 
excellence,"* Lut regardless of its origin it 
Is injurious, dangerous und, if unattended, 
eventually lethal." Asa general rule, the ine 
jurious effects of: hypercalcemia ore pro 
lunged und insidious *2 that In many ine 
xtances the patient's xymptoma Lave not yet 
reached the threshohl of awareneat, How- 
ever, on oceasion it can constitute a (rie 
crista and precipitate sudden death. 
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Thomas” reported three .ses due to hyper. 
parathyroldism and, ss pointed out by 
Micher,™ crises can oceur in any discase in 
which there is marked elevation of the serum 
calcium. During the crisis abdominal pain, 
persistent vomiting and marked dehydration 
occur. Serum calcium values may be as h'ch 


as 19 or 20 milligrams per cent with phos- 


phorus values of two to three milligrams per 
cent. Early in the course of the crisis there 
may be polyuria, but with the advent of de- 
hydration oliguria and azotemia appear; 


* marked muscular weakness and psychie dis- 


turbances. become prominent features. Re 
hydration [s necessary, and In cases where 
&@ parathyroid adcnoma js Present, surgicai 
removal of the adcnoma must be performed 
immediately, 


Since the consequences of hypercalcemia 


. are so. formidable and the symptoms so 


Vague and variable, what criteria exist that 
might arouse the physician's suspicion In any . 
given case? In fact, the rise in the physi- 
clan’s suspicion index {s in many instances 
the necessary antecedent before the dlagnosis 
of hypercatcemia can be made, 

The presence of hypercalcemia may be so 
hazy that Randall and Keating" speak of 
“Serendipity” in the diagnosts of hyper- 
Parathyroidism, implying that the condition 
is frequently discovered accidentally. 


Vs ; CFENERAL SYMPTOMS 


Generally, one might become nlerted by 
historics of weuknesa, welght loss, vague 
aches or stiffness in the joints and muscles, 
obscurcly deseribed by the p:tient and tend- 
Ing to make the physician label such indi- 
viduals as “neurotic.” One should be ‘par. 


tleularly alert if the past history Indicates ~ 


enema 


Since his graduation frum the Univers 
sity of Pittsburgh Schuol of Medicine in 1942, 
J. H. Fuertach, M1.D., has been certified by 
the American Buard of Internal Medicine. 
His practice in Chickasha, Oklahoma is lim- 
feed to his specialty. 

Doctur Puertsch ia a Fete of the Aucri-, 
cam Culleye of Physicians, @ member of 
Alpha Omcya Alpha, the Oklahuma Sucicty - 
of Inierual Medicine aud a member of the 
Hoard of Trasteca of Blue Cross, 
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Hyperealcemie crisis {s » rare oceurrence, ' 


}? pe 
‘OR_PURPOSES OF STUDY Ok RESEARCH IN LIEU OF LENDING THEOK 


PS en mee 


2 stable personality, who for no apparent 
environmental reason develops roving, gen- 
eral, Indefinite symptoms. Keep In mind 
that the general symptoms may extend ev > 
@ pericd of years: the important fact being 
the transplanting of symptoms to a former- 
ly stable individual, 


RENAL CLUES 


All patients with renal stones or & past 
history of renal colic, especially if stones 
were passed and found to be composed of 
ealclum and phosphorus, should be thorough 
ly investigated. A review of patients attend 
Ing a stone clinic, revealed an Incidence of 
16 per cent hypercaleemia.™ In addition, a3 
cases of polyuria should be cheeked for pos- 
sible hypercateiuria and/or hyperealcernia. 
Occasionally, ca'cium casts are fourd on 


urine analysis, and this would indeed Se a - 


valuable clue. 
. . 


SKELETAL MANIFESTATIONS 


This Includes a very large group of pa- 


tients, more women than men, in whom the 
ubiquitous radioloyieul finding of osteopo 
rosis demands concerted investigation as to 
etiology, because osteoporosis is Merely a 
finding and In itself not a diagnosis, AD 
x-ray changes showing non-soccifie demin- 
eralizition of the Lone with or without pain, 
all cases of spuntanecus fractures, bore 
swelling, evidences of neopl.sm with bene 
metastases and immotvilized individuals, (es 
peclally In the fIrat three to four weeks when 


bone resorption Is ut Its height), such as. 


children with caxta or adults with Paget's 
disease or far-advanced ostcoporosia, should 


be studied diligently.”.= 


GASTEO-INTESTINAL SYMPTOMS 


Of particular note are those duodenal ulesr -' 


putients who originally follow a medic 
regime and somchow feel worse, Theu 


symptoms persist and the ulcer becomes fa- . 


tractable.” More evasive are the large num- 
her of patients who present vague digestive 
symptoms such as dryness of the mouth ard 
throat, anorexia, nausea, voniting, Matcl- 
ence, dissenr uated altaminal pain as well 
ua localized abdominal pain und constipativa, 

The diagnosia of hypercalcemia in this 
xroup Is prone to excape, especially after 
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thorough Investigation of the G. I. Tract and 


evaluation of hepatic function fail to reveal 
intrinsic disease. 


NEUROLOSICAL SYMPTOMS 


Many hyperculcemic individuals complain 


of fatizve and in addition may present cen- 
tral nervous symptoms of drowsiness, leth- 
argy (which may advance to coma), confus- 
ion, memory loss, perscnality changes, im- 
paired hzariny or overt psychosis,“ 

A state of diugneostic alertness Ja particu. 
larly irnportant in geriatric patients because 
there is an inclination to attribute neuro- 
psychiatric manifestations of this type to 
the presence of cercLral arteriosclerosis. 

Two cther facets of the history remain im. 
portant and are worthy of note: (1) up to 
the present time, 28 cuses of familial hyper- 
par..thyroidism, (excluding cases of multiple 
adenomatusis), have been recorded in the lit- 
erature; (2) although infrequent, a history 
of vitamin D ingestion may provide the key 
to diagnosis, 


SIGNS OF HYPERCALCEMIA 


There are no specific pathogromonic 
Bhs sical findiigs in hy perealcemia. Bone de- 
furnmaties and bone tenderness may be pres- 
ent and incite physician interest. A palpable 
mass in the neck may be of value, and sug- 
Rest parathyroid adenoma, but many tumors 
appear in the acck so that this fa non-specl- 
fic; also, Ceprensed or ubsent tendon re 
flexes, atonic or hypertunic muscics are like- 
ty signa, but atill indceisive and inconclusive. 
Perhaps one of the most valuable physical 
fincings may appear In the eyes, 


EVE SIGNS 


fn 1947, Walsh and Howard,” using a slit 
lame, detected eye changes in over 50 per 


cent of their patiznts with hypercalcemia. 


Later, it was shown that visible eye signs 

may be present in the conjunctiva or-cornea, 

oe oth, and in recent years the Increasing 

clinical recognition of these eye alynx, visible 

to the examiner's naked cye, have made it 

Posivie on vccusion to diagnuse hypercal- 
cermin at the hedalile, 
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In the ocular conjunctiva there may upe ~~", 


pear small, glass-like crystal-clear purticlea 
{n the region of the palpebral fissure. These 
deposits may prove Irritating, ard in fact 
patients may present themselves complains 
ing primarily of cye irritation, describing 
the eye symptoms aa a burning sensation 
with increased lacrimation. In addition, the 
conjunctiva may be Injected and inflamed. 


Calcium deposits of the cornea produce a 
hazy, gray opacity, appearing as a slender, 
elongated, crescent-shared form located in 
the limbus of the cornea on either the nasal: 
or the tempora! side, or both.** 


The history and physical findings are, at 
their best, insufficient for diagnosis. How- 
ever, thelr presence may produce a stale of 
alertness in the physician as he probes the 
differential Jiagnuses which may evolve 
from the study of symptoms and signs pre- 
sented by a patient. Laboratory and x-ray 
facilities provide additional alds once the- 
possibility of hypercalcemia !s considered. 
The establishment of its presence then poses 
the formidable problem of differentiation. 
Only by serecning many possible ctiologics, 
one by one, can the clinician define the given 
cause and,-once having attaincu that state, ~ 
uttempt to upply necessary remedial meas- - 
ures. Most urgent, perhaps, is the ciffercn- 
tiation of the hyperculcemla of hyperpara- 
thyroidism, which requires surgical inter- 
vention, from the other causes of hypercal. - 


_cemia. 


A sucvey of calcium and phosphorous me- 
tubolisin with Its Interrclationship to bone 
and kidney focuses the mechanisms on | 
which various clinicul tests und differential 
procedures ure Dised and necessary to cstab- 
lish etfology. A great de it has been written . 
on the specific Liochemfeal processes In- 
vulved relative tu specific chungea occurring 


In many hyperculcemic states, but a great © | 


deal remaina conjectural or theuretical, : 
“METABOLISM OF CALCIUM: 
AND PHOSPHOROUS 


The metaboliam of calcium and phosphor. 
ous are intimately related to one another and 
cmrdirated with the metubeliam of bone and 
renal function, ‘The average 70 kilograms 
man contains wubout 1200 ymax. of calciuns 
und GOO yma, uf phosphors moxtly In the 
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The iveraye diet provides O8 te 1.8 yma, 
of calcium, the largest umount appearing fn 
foods of dairy origin: Cheesg conialna 920 
me./160 gms.; cow's milk 100 meg.100 gma, 
The rceommended daily requirement of cule 
clum {is ont gram per day in the non-preg- 
nant, non-lactating adult. Approximately 
1.5 to 2.0 gms. of phosphorous are consumed 
per duy; the non-pregnant, non-lactating 
adult requires a minimum of 0.9 gm./day. 
Unlike calcium, phoxphorous {s readily ob- 
tainable in dicts adequate in other reapecta, 
because it forms one of the most widely dia- 
tributed inorganic clementa of common foods, 
uppearing In good quantities in milk, other 
dairy products, meats, and fish. In fact, it 
would be difficult to Ingest a diet deficient 
in phosphorous." 

The availability of ealcium and phosphor- 
ous to the body is determined in part Ly the 
| degree of solubility und, hence, their Joniza- 

tion. The calcium of food may be in organie 
combinitions with proteins and organic acids 
or as Inorganie compounds of carbonate, 
Diecarbonates, and phosphates. Phosphorous 
In foods may appear in the form of eaters 
of phosphoric acid, in proteins, Upids, and 
carbohydrates, and in this form it is readily 
pliced in solution by the digestive processes 
and absorbed. However, phosphates that 
occur us phytin, us in Lrown bread, ure not 
absorbed, An fasoiuable form of phosphor- 
Os appears in cereal grain ius Inositol Hexa- 
phosphate; this is not alsorbed Decnuse of 
the insoluble ault (phytin) formed when 
- combined with calcium and magnesium." 
Given an adequate diet, several factors {n- 
Nuence the absorption of calcium. It is 
known that the ratio of exlclum to phosphor- 
ous In the diet is important, for the optimum 
rutin for absorption of buth elements is about 


A312 (calelum:phosphorous). In addition, the : 


degree of concentration In the Jutestinal 
tract, the nevis of the body for cxleium and 
phosphorous, the intestinal ucidiitv or alka- 
linity and the presence of vitamin D nre con- 
tributing factors in the absorption of these 
‘two elements, Generally, calcium “absorp. 
ton Ia facilitated Ly a more acid niedium aa 
occurs in the upper intestinal tract fowever, 
hyperacidity protably does not facilitate 
auperabsorption of calcium.'™** Under nur- 
mal conditions of gastrie achlity, ealelum 
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form. The acidity of the duedenum, norma 
ly pH 2.3-7.0 Is also Impertant in determin- 
ing whether the more suluble culcium aalte 


_ Are formed \chiorides and acid phoaphates) 


or the leas soluble basic phosphates. The cal 
cium chloride and acid phosphate forms are 
readily absorbed, ard it appears thie the 
Kreatest degree of calcium absorption eccurs 
from the upper intestinal tract. Vitamin D 
Promotes the atsorption of calcium and 
phosphorous, especially enhancing calcium 
absorption from the distal ileum where the 


alkalinity in higher than in the uprer intes- - 


tinal tract; consequently calcium xstke 
is relatively poor. Kramer end Kanof * sum- 
marized the role of vitamin D, at:.ting, “little 
is known ns to its action. In some niysterivus 
manner it \acilitates the absorption of cal 
cium from the- intestinal tract and deposits 
it as a phosphate or carbonate in osteoid ard 
Cartilage matrix.” 

The absorption of phosracrous, lie 
of calcium, is enhaneed by acids, interfered 
with by alkali and, unlike calcium, it is in- 
creased by an excess of fat and decrecsed 
by a high calcium dict. The soluble jnorgunie 
Phosnhate compounds are reavily alsorbed 
while the organie phosphate compounds first 
must be hydralized in the digestive tract ard 
converted to inorgunte phosphate for absurp- 
ton. : : 

Once calcium and phosphorius have Leen 
aubsurLed and enter the Lleol, they may 
be used in various metabolic processes, or 
they may Le stored or exercte. The great 
storage facility for calcium and phosphoroes 
is the skeleton. Ina normal! adult the un.ouat 
of calclum and phosphorous that enter: the 
rkeleton Is off-set by an equal amount that 
fs released from it. A state of checks snd 
balances (dynamic equiliirium) exists be- 
tween the eulcium and phosphorous of the 
boily fluids and the bones of the skeleton. 

Both catcium and phosyhorous make « 2 
contributions to the Locy ecusomy. Cate. 

{a necessary for the bised clotting seqtence, 
and fonle calcium influences the strength of 
the heartbeat, as well as the tranamiasion of 
Nerve impulses and influences skeletal musete 
irritability, Lut it appears that these she 
nomena do not require maintenance of a 
calcium concentration within a severcly-held 
narrow limit, Phoaphoraus plays a central 
rule in the conservation and trarafer of en 
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ergy in the intermediate metabolism of car- 
Leohodrutes, proteins, fat enzymes and fx 
Geite important in the Lody'’s buffering sys- 
tem, Cecicated to the maintenance of hydro- 
gen jon concentraticn’s“ 


Within the Liood, caleium is In solution in | 


the plasma, In 1913, Rona and Takahashi™ 
demonstrated two major and roughly equal 
fractions cf serum calcium, the diffusable 
elicrized) and the non-diffusable (un-ion- 
ized) portions. The diffusable fraction is a 
solution of partially lonized, weak electrolyte 
calcium prcteinate. The non-diffusable por- 
ticn is firm'ty bound with plasma protein. 
The ionized and un-ionized 7ractions are in 
equilitrium with one another, The ionized 
friztion is directly uncer the influence of 

yroid hormone and is physiolog- 
ically active, Leing frce to diffuse into other 
estra-cellu'ar Nuids, 

Falans' bas emphasized that the total 
serum proteins are essential in the interpre 
tation of clinical serum calcium levels. The 
ordinary clinical luLeratory doca not measure 
Soninadig screm catcium Lut reports the 
TOTAL -+cum catcium. Therefore, it is most 
important for the clinician to know the level 
of the serum proteins when studying the 
serum catclum. In addition, the physician 
should be aware of the nermal range of se- 
rain calcium in the laboratery employed. It 
has Leva suggested that the range of nine 
to 11 mr. rer 1€0 ce. as normal values for 
sorum calcium has been pexged too high.“ 


In any event, if the total scrum prote!ns are © 


normal a serum calcium of 10.5 mg. per 100 
ec. should serve as an alert, indicating that 
further stulies of the calcium-phesphorous 
metabolism of that patlent should be under- 
tuxcn. On the other hard, if serum proteins 
are depressed, & level of 10.5 mg. per 100 ce. 
may Le defisitely clovated and indicate hy- 
perculcemia; leas of the total serum calcium 
woztd Le in protein-bound form and relative 
ly more woeid be in fonizuble form. 


Phosphorous exists in the Lilood in four 


main furms: Inorgaunie phosphorous (ortho- 
phosphate) and three erganie combinations 
ester phos: huross, lipid phosphorous, and 
Recwie ccic phespheruus.** Like calcium, the 
inorgcoris phosphate values of blood plasma 


hive been challenged. Vigorous Investiga- - 


Ucn of phosphorous serum levels requires a 
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“deviation from the previously accepted values’ 


of three to 4.5 mg./100 ce in adults and from 
4.5 to 6.5 mg./100 ce. in children. Greenberg, 
Winters, and Craham* feel that the accepted 
values for serum !nerganic phosphoro.s con- 
centrations have never been established ade- 
quately, and have been able to demor.strate 
that both age and sex affect the serum 
phosphorous leve! and must be taken [nto 
account in making diagnostie decisions (see 
figures } and 2). It is therefore important 
that each laboratory establish {ts normal 
values for serum phosphorous for each sex 
at various ages. It is known also that serum . 
phosphorous decreases during periods of In- 
creased cartohydrate utilization and Inges -, 
tion of large amounts of calcium or the par-. © 
enteral administration of magnesium. 


The non-lactating adult exeretes the 
largest fraction of calcium in the feces as 
a component of intestinal juices, only a small 
portion appearing in the urine. The urinary 
mechanism for calcium excretion fs not well- - 
understcoc. In a normal adult, the serum 
threshold for urinary calcium is about seven 
mg./100 cc. The icnized portion of scrum 
calclum passes readily Girough the glomcrull 
and appears In the glomerular filtrate. This 
increases the ionized calcium and Increases 
proportionately that amount which appcars 
in the glomerular filtrate or vice versa, 
There appears to Le a limit to the glomerular 
filtration capacity for calcium, and should 
this be exceeded it is reflected In a rise of 
serum calcium. Tubu'cs of the kidney nor- 
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mally reabsorb about 99 per cent of the fil- 
tered calcium; the total amount reabsorbed 
varies directly with the umount filtered by 
the glomerullf. 

Hypercalejuria can be produced by three 
mechaniams: An increase in the amount of 
calcium filtered by the giemerull, a decrease 
in the renal threshold, or by an increase in 
Parathyroid hormone," Aibrighits' report. 
ed that In hypercalcemia with hyperealciuria, 
calcium casts may be formed In the renal 
tubules and extruced into the urine, 

Unlike calcium, the largest portion of 
phosphorous {fs excreted in the urine with 
only a small quantity appearing In the feces. 
Like calcium, w yreut deal of phosphorous 
can be excreted in the milk during lactation. 
In urine, phosphcrous appears in the inor- 
fanie form (92-96 per cent), the remaining 
portion uppeara as unsplit ester phosphates, 
There docs not appear to be a serum thresh- 
old for the glomerular filtration of inorganle 


phosphorus, Thus, all of the inorganic phos. . 


phorous passes through the glomerui in the 
absence of renal impairment; there is ne lim- 
it to the glumerular filtration capacity. The 
tubular reabsorption of phosphoroua depends 
on the quantity of parathyroid hormone pres- 
ent. The administration of parathyroid hor- 
mone decreases the tubular reabsorption of 
phosphorous and greater amounts appear in 
.the urine. In hyperparathyroidism, a de 
crease in the scrum concentration of inor- 
ganie phosphorous occura (since tubular 
reabsorption of phosphorous is reduced) and 
an Inercaxed amount of phosphorous conse 
quently appears in the urine. Also, in the 
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normal “fndividual with"an unusually hig : 


phosphorous dietary Intake, all other factors 

being equal, there is an increase in Urinary 
vhosphoroua exerction.” 

HONE METABOLISM AND 

PARATHYLOID HORMONE 


The formation of bone involves the laying 
down of a protein matrix and ceposition of 
calcium phosphate crystals into the mass of 
protein tissue. The ostecblasts appear to 
produce this organic protein matrix (osteoid) 
and Increased osteoblastic activity is reMect- 
ed by elevated serum alkaline phosphatase 
levels. The proper mineralization of osteoid 
tissue requires calcium and phosphate fons 
at the site In a concentration equal to the 
Proportion of calcium and phosphate in the 


mineral matter of bone. In an urknown max” 


ner, calcium and phosphate fons eon:bire and 
precipitate in the form of angulurly-shaped 
crystals which assume a definite pattern up- 
on the matrix, This culeium phesphate salt 
¢rystal appears to be hydroxyapatite with 
the formula Ca,. (PO,) . (OH), The growth 
of mineralization Is continued “yer upa 
Yayer, thereby the exposed surface of the 
moment Sccomes entraypad {fn the entarging 
mast, Bone erystala in the body, if bid 
out, would cover a 400 acre area. The 
final calcified Lone mass presents three 


types of surfaces: (1) a surface upon which 


nothing appears to be happening: (2) a 
surface wpon which bone is beirg formed: 
(3) a surface upon which Lone is being re 


_ ebsorbeds**** It has been accepted that the 


parathyrold gland regulates the ealcium-ioa 
concentration of the Liood plasma ani that 
there appears also to be an additional influ. 
ence on the control of the blood phosphorous, 
These changes ure effected through calcium 
supplied by the diet, the Lone reservoir and 
renal function. Observers differ in their in- 
terpretation of how these mechanisms are 
accumplished and at present all the evidence 
Is not available concerning the function of 
the parathyruid hormone. 


The parathyroid glands appear as four 


flattened, oval discs measuring about three 
to four mm. In width and six mua. in length, 


airanged In two superior and tuo I:ferive _ 


position at the posterior edges of the lateral 
Jobea of the thyroid gland. In addition, 


numerous parathyroid glands may be scat- 
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tered through the fat und connective Ussue 
of the neck. These glands ure endocrine In 
nature and produce a hormone, appearing 
to be free of the influences of the pituitary 
giand #s evidenced by scrum calcium, phos- 
phorous stucies in patients with hypepitu- 
jtarism and from facts accumulated from ex- 
pariment:] animals and humans after the 
performence of hypophysectomy. 

The current concepts of what role the hor- 
r.one of the parathyroid glands plays in the 
metatolism of calcium and phosphorous 
stems from three sources. The first of these 
is bused o2 messurements conducted in the 
porathyroidcetomized experimental animal 
or uy the accidental extirpation of the para- 
thyrcids by thyroid surgery in humans. 
The second sct of observations have been de- 
rived from cuses of spontancous hyperpara- 
thyroicism, and the third and final source 
of facts dccrives from experiments using 
porethyro.d extract which contains active 
Teruthyroid hormone.? Greenwald™* in 
ea cLmerved that parathyroidectomy was 

Nuwed by diminished output of phosphor- 
cusinthe urine. Albright and Ellsworth? in 
1929 introduved the conccpt that the calcium 
jen per 1C9 cc. times the phosphorous ion per 
260 ec. (the solubility product) 1s approxl- 
matcly constant when all facturs affecting 
cwtelumt ond phosphorous metabolism are 
constant except for the umount of pzrathy- 

cid hormone present. This theory, derived 
from cbsirvation of a hypocalcemic, hypo- 
puraihyre'd pastient, stated that the serum 
inorganic phesphate was high and that a 
sing!s inzcetion of parathyroid extract caused 
a rutid ise in urine phosphate, Continued 
treatment of the patient with parathyroid 
eatract resulted in a gradual fall in serum 

phosphate as well as a cise In serum calcium. 
ee closphate loss in the urine increased, 
piasma plosphorous decreased. The de 
creased serum phosphate in turn mudified 
ard changed the calcium times the phosphor. 
cus Brod ict of the pias; this in turn per- 

ited increased calcium resorption of bone, 
res ine ina rise of serum ca'cium, 

In 1939, Albright and Reifcnstein’® modie 
fied this hypothesis by stating that the pri- 
mary effect of parathyroid hormone was exe 
erted upon some phuse of phosphate metab. 
olism, whether it be renal or extra-renal. 


ADE 


The effect of the aerum calclurg was atill held 
to be secondary. - 

Thormson'and Pugaley" In 1932 proposed 
unother view, stat!ng that the parathyroid 
hormone acts directly on bone, resulting in 
resorption with liberation of calclum inte 
the blood. 

In 1948, Barnicot'®? and Chang" in 1951, 
presented evidence that the parathyrolds act 
directly on bone, In experiments transp!ant- 
ing parathyroid glands onto the parictal - 
bones of the skull in mice, it was noted that 
a marked local reabsorption of bone immedi- 
ately beneath the yraft occurred. In 1954, 
Gro!}man,*' using peritoneal lavage to main- 
tain biood chemistries within physiological 
limits proved that parathyrcid extract when 
injected increases the serum calcium In nee’ 
phrectomized animals. Thus, a recapitula- 
tion of the facts derived from experiments 
through the years of 1948 td 1954 demon- 
strates that the parathyroid hormorie acts die 
rectly on bone and that it Is capable of rais- 
ing serum calcium In the absence of the kid- - 
neys. The observation of the effects of the 
parathyroid hormone on phosphorous and 
how these changes affected the serum cal- - 
ejum appeared after the yeur 1954. 

The stimulus for'conducting these experi- 
ments was provided by the recent purifica- 
tion of the parathyroid hormone with its at-- 
terdant inereased potency. Collip™ and Han- 
son,"*" working incependently in 1925, pre 
pared the first physiolcyically active extract, 
Recently a high degree of purification of this 
extract has been achieved. The potency of the 
present product is reported to be 2500-3000 
units per mg. It has a mo!ecular weight es- . 
timated te be 7000 (+1500) and upon an- 
alysis proves to be a protcin.'s'* Copp in 
hin dixeuxsion of the poss‘vility of whether 
there may be two parathyroid hormones” 
(one which primarily affects bone, and one” 
which primarily affects kidney), contends 
that the confusion has occurred from the 
very jarge doses of the commercial extract 
(used prior to the purified extract), and that 
some contamination side effects due to for- 
cign constituents in the commercial extract © 
occurred, ‘ 

Munson and Iscri** recently have shown 
in the parathyroidectomized rat that the se - 
rum Inorganic phosphorous failed to rise be- 
fore the fall In serum calcium. Thus, the 
tencts of Albright’s hypothesis (i.e. a rise in 
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serum phosphoruus: 
reabsorption of phosphorous must occur be- 
fore a fall In the serum calcium takes place, 
thus allering the procuct of calclum milli- 
rams per 100 ce. times phosphorous milli- 
rams per 160 ce.) were not met. Munson 
then injected parathyroidectomized rats with 
parathyroid extract subcutaneously. The ab- 
sorption of the hormone by this route is de- 
layed and docs not prevent the fall in serum 
calcium and phosphorous which occurs with- 
in two hours after removal of the para- 
thyroid glands. At the end of six hours he 
found both the serum calcium and serum 
phosphorous levels of these animals had re- 
turned to preoperative levels; while the con- 
tro} rate, ({.e. parathyroids were removed but 
controls were not given parthyroid hormone) 
. progressed to tetany and death within six 
hours. The rise in serum caicium which oc- 
curred tn animals given the subcutancous in- 
jection of parathyroid hormone was not ac- 
companied by a fall In the scrum phosphor. 
ous. Here again, Albright’s principle was not 
confirmed, for the serum calcium rise should 
have been preceded by a cecrease in the ser- 
um inorganic phosphorous, as the parathy- 
roid hormone decreased tubular reabsorption 


of phosphorous, {ncreasing the urinary phos- / 
phate and thereby lowering the serum phos - 


phorous, Munson" points out that the effect 


of the hormone was to return both the cal- - 


cium and the phosphorous to normal; he con- 
cludes that in man as well as in the rat the 
effect of parathyroidectomy and of para- 
thyroid hormone on the level of scrum cal- 
cium {s not dependent on a prior change In 
the circulating level of inorganie phozphor- 
ous, Therefore, from the experiments of 

{unaon one can conclude that most likely the 
primary target tissue of the parathyroid 
hormone for regulution of the level of circu- 
lating calcium Js Lone rather than the kidney 
and that whatever effeets the hormone may 
have on phosphorous metabolism are prob- 
ably of secondary importance. 

Therefore, at the presnt time, it appears 
that the parathyroids are sensitive to the 
calcium concentration of the plasma and that 
a falling level of calcium fons stimulates the 
output of parathyroid hormone. The hor- 
mone fn turn Increases the mobilization of 
calclum from bone (by direct action), there- 
by raising the calcium level of the plasma 
and that this method is one of self-regula- 
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to incrensed tubular thor 


ee ee ae 
tion. BeClean ne? ** deneribes the method of self 
rerulation nxn “feed-back” mechanism. He 
defines this further by stating that in this 
ayatem information xbout the cut-put ts fed 
back to an earlier xtage, to modify the acticn 
of the earlier stage and thus effect a change 


_ In the out-put itself. 


The effects of parathyroid hormone apor 
serum phosphorous (thought to be of sec- 
ondary Importance) are not clearly defined. 
It fs fairly well-agveed that the rapid rise in 
urine phosphorous after an injection of para- 
thyroid hormone indicates that the effect 
upon the kidney is direct, but the precise 
Viochemieal mechanism involved remains ~ 
obscure. The confusion reigning now is il- 
luminated by the fact that Nicholson” 
advuneed experimental evidence indicating 
that the prin; [ple mude of action of this hore 


mone on this kiduey is to stimulate active | - 


excretion of hoxphorous by the distal tu- 
hule and not, as fs usually assumed, to In- 
hibit the reabsorption of phosphorou: ty thr 
preximal tubules. Weewuse of this confusion, 
it haa been postulated that the parathyrcids 
are capable of producing two hormones, one 
affecting calcium metabolism per se, and the 

other influencing ony phosphorous metad- 


olism. | : o 
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AT FIRST GLANCE, the title of this dis. 
cussion may ecem to be Girected only to a 
somewhat Imited segment of the medical 
profession. Quickly we may pass this by, 
thinking to curselves, this docs rot apply te 
us, this Is not a part of our routing work: 
but much to our surprise, statistically we 
find a large per cent of amputations done 
by the genera] Surgeon and the genera} prac- 
titioner, well equipped and qualified to do 
this surgery. Perhaps we find more of this 
done by the above men due to the great 
strides in training, the Increase in facitities 
for proper hospital and nursing cure, the 
economic necessity of Preserving and pro- 
tecting the financial status of the patient, 
and particularly because of the emergency 
factor so often important following trauma 


and accidental {njury due to our mechanical _ 


age. 

If a short review ef the more modern and 
basic methods of Prosthetle fittings would 
avoid reamputations, then we feel the eco- 
nomic savings which follow to the individual 
and to the community at large would well 
Justify our considerationa, Therefore, in 
making and fitting artificial Iimbs, the one 
and cnly endeavor {s to make certain that 
they are esmfortuble, functional, acceptable 
In appearance and us reasonable In cost as 
Porsible. This fitting by the prosthetist de 
pends upon his individual skill, the type of 
limb required, but equally important to him 


and to the putfent fs the slte of application, - 


Since this ugency furnishes such a large 
per cent of such appliances to the medically 
indigent, we are particularly and neceasarily 
Involved In these problems, 

Since Wor!d War NM, giant strides have 
been made in the use of Plastics and alu. 
minum for artificial limbs, The National 
Research Council has Participated actively 
in this work, enlisting the help of the uir- 
plane and missile indust:y in making these 
Improvements. All of this hin given better 
manufacturing techniques, lighter and more 
conifortable appliances and a freater case of 
fitting areas of the body t’ at in the past 
Were unacceptable to the pra. hetist, 

- In the upper extremity prictically any 
length of stump ean be well fitted. We must 
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always remember that even a small stump, 
below the elbow or shoulter is in reneral 
much better than a simple disarticu!ation, 
#ithough many disarticulutions can be fitted 
satisfactorily. The short stump, when it eas 
be preserved, gives much improved muscular 
contro] and consequently better use of the 
Prosthesis. 

In the lower extremity {n general, amps- 
tations in the Jower one-half of the tibia and 
Le preserved, gives much improved muscular 
control and consequently Letter use of the 


_ Prosthesis, 


When possible, the Preservation of length 
of the stump Is very important. To proatuce - 
a better, well shaped, well padded painless 
stunip suture or reinsertion of muscle to end 
of amputation rather than tendon Insertic- 
and tying of all severed nerve ends with n 
absorbable suture, as si" or evtton, low-res 
the formation of tender and Painfsl nen. 
romas. By re-attacking muscles with proper 


- fensfon, closing deep fascia and other, deep 


structures layer by layer and everting shin 
und superficial tissue, we may avoid moay 
Scar troubles, : 7 


Special training courses are availalle at 


University of California, Los Anyeles, Nurth- 


Western and New York Univeraity for kelp 
and assistance to all the professions in the 
newer methods of fitting artificial limbs. 


Nere in Oklahoma, we have Amputee 
Clinics for adults and children at the Uni 
Versity Medical Center. + This is connesed 
of an Amputee Clinic tem, consisting of on 
orthopedist, physics! therapist and presthe - 
tist. This is available to the menibers cf tre 
medical profession for the Proper fittin:g of 
artificial limbs. The staff men serve without 
remuneration and the putient is then re 
turned to his attending physiciun, A nomin 
charge is made for this service, 


A great deal of credit must Le given to my 
many dedicated col'eavuca for their kind aa 
sistance, advice and constructive eriticism. 
Through such interchange of ideas, we feel 
continued progress will Le made in this all 
Important work.—Frencis E. Dill, YD, 
State Medical Consultant, Vocational Reke- 
bilitotiou, Oklahows City, OllcLome o 
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BURNETT'S SYNDROME 


Bumett and his associates’ have emphasized drat administration of 
both large quantities of milk and of alkali over many years may ead to 
metastatic calcification of subcutaneous tissue and visceral organs, ¢s- 
pecially of the kidacys. Under these cucumstances, hypercalecinia wich 
hypocaleiuria, often accompanied by milk ulk.dosis and metastatic eal- 
cification, develop. Hyperphosphatemia is commonly a part of this syn- 
drome, due in part to the tendency to uremia and in part to the high 
phosphate content of the milk. This indicates that not oaly the calcium 
«but also the phosphorus of the milk must play a role in the production 
of this syndrome. Ultimately, marked renal insufficiency with azotemia 
ensues, and in this stage the alkalosis is replaced by acidosis. Amorphous 
calcium masses are deposited in the subcutancous tissue, mainly in the 
neighborhood of the articulations in the synovial membranes, and even 
in tendons. The calcium deposition often also iavolves the kidneys, 
stomach, blood vessels, dura mater, falx, diaphragm, and the respiratory 
tract. The presence of band-shaped keratitis or keratopathy can fre- . 
quently be elicited by slit-lamp examination. - 

The urinary calcium exerction is nearly always within normal limits 
and is often even low. The alkaline Phosphatase of the scrum is normal; 
anemia is usually present. If this syndrome is discovered in an early 
stage, the onset of uremia may be prevented by the cessation of milk 
and alkali ingestion. However, at least one paticnt with Burnett's syn- 
drome expired one year after milk and alkali administration had been 
eliminated. 

The differentiation of this condition from hyperparathyroidism may 
be difficult? The latter disease must be diagnosed in all casc which 
generatized osteitis fibrosa, giant cell tumors, and other skeletal 
anomalies, hypophosphatemia and hypercalciuria are present. In Bur- 
nett’s syndrome the subcutaneous calcium deposits are much more ex- 
tensive than ia patients with hyperparathyzoidism. The diagnosis of 
Burnett's syndrorae should not be made unless there has been a high 
alkali intake for many years, with or without a high calcium intake. 
Prompt improvement should be obtained on cessation of treatment with 
miik and alkali. Finally, marked resorption of bone, and especially the } 
Presence of ostcoclastomas, militate against the diagnosis of Bumett’s 
syndrome. 

The excess of alkalinizing agents is, in the Opinion of the author, a 
more important factor in pathologic calcification due to dictary causes 

the ingestion of excessive quantities of calcium salts.* : 


Role of Skeleton in Calcium and Piesphorus Metabolism 


The question has been raised whether metastatic calcification dv* clups 
especially in ulcer paticnis whose kidneys were damaged before te 
milk diet and aivcali administration had been started. In this connectioa, 
the interesting observations of Swyer and his associatos”’ cu hyper- 
calcemia in patients with osteolytic skeletal metastases after androgen 
therapy should be mentioned. At autcpsy, such patients nearly alv-ars 
show signs of pre-existing renal discase. Similarly, it scems po-sible that 
calcinosis, hypercalceinia, and uremia are more likely lo develop when 
patients treated with alkalies and/or a Sippy regime have pre-existing 
renal disease. 


HYPERVITAMINOSIS D 


In recent years, patients with rheumatoid arthritis, children with 
vitamin D resistant rickets, and, in Europe, patients with lupus vulgaris 
have been treated over periods of several weeks or months, sometimes 
even years, with daily doses of calciferol equivalent to 500,000 I.U. of 
vitamin D.{Massive doses of vitamin D influence bone resorption more 
than calcium accretion. Thus, in hypervitaminosis D the common signs 
are hypercalcemia, hyperphosphatcmia, and hypercalciuria. The alkaline 
phosphatase of the serum remains normal. In addition, niarked and 
generalized resorption of bone develops, togcther with metastatic cal- 
cification in kidney's,** blood vessel walls, gastric mucosa, heart, luags, 
sclerae, falx, dura mater, thyroid, pancreas and periarticular soft tissues.>? 
Band keratitis due to calcium precipitation in the cornea deserves special 
mention. | 

Metastatic calcification in the kidneys can often be visualized on the 
roentgenograms in the form of nephrocalcinosis limited to the medullary 
pyramids and the renal pelvis. In some cases the calcium dcposits in 
the kidneys remain microscopic in size and do not show up on the x-rays, 
but the albuminuria and the impairment of the kidney function may be 
just as scrious as when grossly visible nephrocalcinesis is present. Renal 
stone formation has 2!so becn observed. Ultimately, metastatic calcica- 
tion of the kidneys always leads to uremia. 

It is of great importance to recognize hypervitaminosis D as the cause 
of uremia because, after cessation of the vitamin D intake, calcium and 
phosphorus both of serum and urine go down to normal levels and the 
renal function improves, The resorption ef small calcium Ceposits rear 
the interphalangeal joints may take one year. Larger para-articular de- 
posits remain unchanged for a much longer period. 

In general, hypervitaminosis D needs to be differentiated from hyper- 


parathyroidism and Boeck’s sarcoidosis. In_hyperparat!: vcidism, hypo- 
m 


RK 


° 


Clinical Nutrition 


phe sphats erin often occurs, while in hype itaminosis D and in s.. £coidu- 
sis the serum “phosphorus. is usu, lly ‘sli ghtly i inere ased, Tn rewil eSteo- 
dystrophy the serum calcium is nearly “always low, of at best nonnal, 
the serum phosphorus is high, the urinary calcium and phosphorus ex- 
cretion are decreased. 

Since the dangers of the administration of excessive doses of vitamin 
D are common Knowledge, hypervitaniinosis D in adults has become a 
rarity [ However, in infants, at least in the United Kingdom, a new syn- 
drome, “idiopathic hypercalcemia,” has now been recognized which may 
well be due to hypervitaminosis D. A recent report mentions that be- 
tween 1953 and 1955, 205 such patients, mainly infants between 4 and 
8 months of age, have been observed. 7) 

In the malignant form of this disease, dwarism, meatal retardation, 
microcephaly and cerebral signs are present. The benign form of the 
disease is reversible and is of considerable clinical importa nce. Chil- 
dren with benign idiopathic hypercalcemia usually suffer from loss of 
appetite, tenacious vomiting , and constipation. Often, asystolic murmur 
can be heard, either at the point of maximal impulse or all cver the 
precordium. Hypercaleemia and hypercalciuria are constant findings; 
the serum phosphorus and alkaline phosphatase usually remain normal, 
Blood urea nitrogen and cholesterol are increased. Under adequate 
treatment these abnormal values rapidly retum to normal znd the 
systolic mu:mur disappears. 

Nerhrocelcinosis has been frequently observed. Linear disposition of 
starnally dense bone near the epiphyscs of the long bones and osteo- 
sclerosis cf the skull base and vertebral bodies may be present. 

“There is strong evidence that hypervitaminosis D played an im- 
poitant role in the etiology of this idiopatnic hypercalcemia of in- 
fants.*77? “National Dried Mik,” = popular food for infants in the 
United Kingdom, ‘contained “not less than” 1,409 I.U. of vitamin D per 
reconstituted liter, and probably more. The vitamin D content of several 
other niilk preparations used” for’ infant feeding in England wes even 
hicher. +r. The “British National Cod Liver Oil Co: cypound” contained not- 
less than 700 to $00 LU. of vitamin D per teaspoonful, and probably 
more. Cereals were also fortified and some brands contained 1,500 LU. 
per ounce. Infants who received 15 pints cf reconstituted drizd milk, 
1 ounce of fortified cezeal, and one teaspoon of fortified cod liver oil 
ingested about 4,000 I.U. of vitamin D per day. This intake was far in 
excess of the dose of 490 to 760 LU., which around 1949 wa; recom- 
mended as the daily intzke for infants. The daily maximal iatake of 
vitamin D for infants was usually coasidered to vary around 1,5%0 LU. 

In this connection, it is of interest that in_the United States only a 
few cases of idiopathic hypercalcemia have Seen reported. In tlis coun- 
try the most popular brand of evaporated milk contains only 42) I.U. of 


‘ 
Role of Skeleton in Calcium and Pi ospharas Metubolim SIL? 


vitamin D per reconstituted lites. Huwever, the Puostiatity exits t 

cases of hypervitaminosis D in infants and children may also develop ca. 
the United States, since certain halibut liver Preparations used in Ul is] 
country contain 6,000 I.U. vituinin D Per tcaspooaful, ' 

Breast feeding has not beconre vbsolete in England, and it is interes t- 
ing that until row no case of idiopathic hypercalcemia ina breest- fed 
infant has beea reported. The vitamin content of human milk vares 
between 50 and 100 I.U. vitamin D Pee liter, that is, enly 25 per cent of 
the vitamin D content of vitaminized cow's milk. 

In most cases of idiopathic hypercalcemia, feeding with low-calcium 
milk powder (Locasol) and low-calcium cereal (Glaxo) boiled in dis- 
tilled water brings rapid recovery. In other cases, cortisone, mainly by 
inhibiting calcium and phosphorus absorption from the-intestine, has 
been helpful. 

The British Pediatric Society decided to recommend that no food 
fortified with vitamin D should be given to infants. Every infant, how- 
ever, it was Stated, should receive cod liver oil of known potency. This, 
of course, is exactly the same nutritional fonnula customary half a 
century ago.” : 

Idiopathic hypercalcemia in older individuals who do not receive ec| 
cessive Amounts of vitamin D with their food™ may be duc to in-} 
sufficient inactivation or elimination of vitamin D. 


“OTHER DISEASES OF THE SKELETON IN WHICH 
CHANGES IN CALCIUM AWD PHOSPHO2US 
METABOLISM OCCUR ° 


In Paget's disease of the bone and in hyperthyroidism, hype=caleiuria 
in the presence of normocalcemia is common.® The alkcline phosphatase 
. content of the serum is increased ia the fonner, normal in the letter 
malady. : 

Hypercalcemia and hypercalciuria often occur in widespread malig- 
nancies, in rapidly progressive cases of multiple myeloma, and also in 
lymphomatous disease, usually when extensive skeletal involvement is 
present. In contrast, in a patient with adenocarcinoma of the lung and 
widespread osteoblastic lesions, hypocalcemia has been olsserved.? 

In sarcoidosis, with or without skeletal lesions, hypezcalcemia and 
hypercalciuria may occur.!*-“1-.55 In this disease the intestinal absorp- 
tion is remarkably high. Actually, the calcium content of the stools may 
dwindle to traces. After administration of cozticosteroids the intestinal 
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Frank I. Taylor, M.D. 
Charlottesville, Virginia 
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My persituainosis D results frau a greatly excessiva 
tataie of vinznin D over a prolonged period of 


ene, The petiont whose case. ix reported received 


200,009 anits of vitamin D daily for 12 


Case Ro wert 
R.G., a 41-year-old judge, was 
admitied to the Martha Jefferson Hospital on 
December 28, 1952 with the compizint of 
chest p2in of seven days Curation. He described 
“the pain cs a severe sharp discomfort arouad 
the postero-lateral chest with aggravation, by 
deep breathing. The pain had come on sud- 
denly ons night and hed remained severe for 
four aie ti had deen less severe for 48 hours 
prior 19 wcctission, but coprox! Muley Zr Rours 
before co:aing to the hospital he had some 
hemoptysis. He had no fever. 

Jusi 22 days before tie present admissio 
the patient hoe beea hospitulized ; 
for a celowti Of ike urinary Dlicder, beniza 
prosiutic hypertrophy, and contracture o! the 
Vesicle tive. He had a cysiolitholapsxy and a 
Iraasureihral resection of the prostate gland 


Mecical Services of tne 
Charicitesvitle, Virginia. 


Tnis wore wes done en the 
Marthe Jefernoa He pital, 


rf me 
F: td : Liste. 
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yours. 


and was discharged four days before the pres- 
ent admission. During this hospitalization his 
urine was cloudy yellow with 2 1 Specific gravity 
of 1.011 and a pti reaction of 5. There was 
a trace of albumin; negative sugar; and on 
microscopic 8-10 WBC/hpf and 12-15 RBC/ 
hpf. The blood urea was 46 ing.%. The serum 
calcium was 1i mg.% or $.5 mLq/liter and 
the serum phospiorus wes 3.2 mg.% or 1.9 
mE /iixez. 

The p2st history "was signilicent for diph- 
theria as a chic. Jn 1945 he bez.n to have 
back pain and was di:z:0sed as having Marie- 
Strumseil < bb Tee arthritis lgtanae worse 
in 1957 end he received radiztoz = therapy to 
the back ai Walter Reece 7 sivozial. In 1950 
he was placed on vitamin D, 56, 000 units four 
times a day, and had tcken this mecication 
regularly for the p:..: 12 years. He also had 
been taking one yraia of thyroid extract a day 
and had been placed in sAree-point brace 
for his back. In 1957 he had hed a thrombo- 
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diypervitaminosis D 


paleoitis of the deep veins of the left les and 
was hospit:. tied ui the Martha Jefferson Hos- 
pal for two weeks of treatment. Since the 
time of t's phlebitis he had had a post-phle- 
bitic Jeg with enlargement and some edema. 
The urisslysis revealed a specific gravity of 
1,020; aloumin negative; sugar 1+; acetone 
negative; snd microscopic revealed a few epi- 
thelial ces and 16-38 WiC/hpf. There were 
some culcium oxylate crystals in the urine. 
The urine Suixowitch test was slightly in- 
ercased. The serum calcium, scrum phosphor- 
ous, and alkaline phosphatase were normal. 
The PS? test yielded the following results: 30 
minute urinary output, 78 cc. and 35% excre- 
tion; cnc hour, 66 cc. and 35% cexerction; 
two hour, 78 cc. with 1060 exeretion; and a 
loial output of 222 cc. und 70% excretion. 

In 1958 he developed bladder calculi re- 
quiring cystoscopy und stone crushiag at the 
University of Virginia Hospital. A review of 
ais records at this time revealed that calcium 
metavolic studies were not done. The urinzly- 
sis, however, revealed u specific gravity of 
1.014; albumin trace; suear Negative; and a 
microscanic with 20-25 WuC/hpf, innumer- 
able RUC/hvf, and’ no cuss. 

The family history revealed that his mother 
had had cizbetes, 

The sysicais review revealed a nocturia of 
lwo times, some frecvency, polyuria, dysuria, 
and polycissia, There was no anorexia. He did 
fatigue casily. 

Oa physica! examination, he was alert with 
@ stooped poker buck and his head deviated 
to the hie He was not in acute pain at the 


time of cr..crination. 200d pressure was 160/ . 


$0; Pers 84; temperature 97.8°, Examinations 
of ihe eves, cars, nose, throat, lymoh glands, 
and heart were normal. The chest revealed 
hyperresonance with duliness and rales at the 
right base. The abdomen was éncroached on 


by fexion of the back so that the iliac spines 

reached iowards the Jower rib cage. There 
Were no masses felt in the abdomen. The 
femoral, dorsalis pedis, and posterior tibial 
pulscs were normal. The Ieft leg was larger 
tian the right leg with superficial varicositics. 
There was no calf tenderness and the Homan's 
sign was negative. There were no rectal masses 
and the prostate was slightly enlarged. 

The urine was clear with a pH of 5.0 and a 
specific gravity of 1.008. The zitumin and sugar 
Were Hegative, Microscopic examination reveal- 
ed 18-20 WEC/hpf, an occasional RBC/hpf, 
and no Casts. The urine Sulkowitch was slighily 
increased. Tie hemztocrit was 34%, and the 
repeat hematocrit on two other occasions were 
39%, and 379% respectively. The sedimenta- 
tion rate was 40 mm. corrected in one hour. 
The white count was 6,800 with 2 hands, 78 
segs, 16 small lymphs, 3 transitional mono- 
cytes, and 1 cosinophil. The blood urea at 
various periods of hospitalization were 65 
mg.%o; 63 ms. Go; and 68 mg.%. The scrum 

chloride was 98 mEq/liter, CO, 27 mEq/ 
liter; serum sodium 145 mEq/liter; and serum 
potassiuin 4.5 mEq/ liter. The total protein was 
6.7 grams percent on the electrophoretic pat 
tern, With 60% xibumin, 7% Alpha I globu- 
lin, 10% Alpha II slobutin, 10% Beta globu- 
lin and 14% vo gamma globulin. They were 
within the normal range. A sputum for acid- 
fast smear and culture was negative and no 
pathogenic organisms grew on routine smear 
and culture. A fasting blood sugar was 118 
ms.%. On December 31, 1962, the alkaline 
phosphatase was 4 BU; scrum eslcium 13 
~~ % or 6.5 mizq/liter; and scrum phosphorus 

2.9 mg.% or 1.7 mE, “iter. Repeat studics on 
January 2, 1963, were as follows: alkaline 
Phosghatase 4.3 LU; calcium 11.4 mg.% or 
5.7 mEq/liter; and phosphorus 3.7 mg.% or 
2.1 mg/liter. On January 7, 1963, the alka- 
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line phosphatase was 6.7 BU; calcium 14.1 
mg.% of 7.0 mg/liter; phosphorus 4.7 ™3.90 
or 2.7 mg/liter. The blood Serology was neg- 
ative, A PSP test was done with an output in 
15 minutes of 150 cc. and 10% excretion; 
one hour, 170 cc. with 15% excretion; two 
hours, 100 ce. and 10% exerction; a total of 
420 cc. output with 355% total excretion. The 
first and second sirength tuberculin skin tests 
Were negative. ‘ 

The x-rays of the dorsal lumbar spine 
showed old ankylosing spondylitis. There was 
fusion oi the epiphyseal joints. There was sug- 
Restion of exrly osteoporotic collapse ‘of the 
second and ihird disc of the lumbar area, The 
chest x-ray showed loculated pleural fluid at 
Ue right base. ‘There were multiple calcifica 
tons with a constant relationship to the lower 
role o. the left kidney which was felt duc to 
nephrocalcinosis. He was seen in consultation 
by the Urologist at this time. Tt was his fecling 
that ihe patient had bilateral pyclonephritis, 
left nepisrolithigsis, and left nephrocalcinosis. 
He did not fiid any evidence of urinary 
tract obstruction, cither in the high or lower 
tract. 

A diagnosis of putrnonary jafarction from 
phicvothrombosis in the deep veins of the leit 
leg was made. In view of the fact that he 
had been taking 50,C00 units of vitsmin D 
fezr times a Cay for 12 years, it Was suspected 


and confirmed that the patient had vitamin D‘ 


intoxication, 

The viiunin D was therefore stopped and 
the patient was treated in the usual manner 
for pulmonary infarction. Me showed marked 
improvement and was discharged home on 
amoulstory anticougulants on January 11, 
1963. ’ 

The patient was ncaiitted again on January 
16, 1963, with a recurrent Cirombopi:tebitis in 
the left leg and left arm in the arca of the 
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antecubital fossa. He’ responded well to his 
ireatment for the thrombophlebitis at this time. 
The urice specific gravity at this time was 
1,008; alournin negative; and sugur negative. 
The microscopic revealed an occasional WELC/ 
hpf and a rare RBC/hpf, with an occasional 
epithelial ecll. Tie chemistries at this admission 
Were as follows: urea 44 mg.$o; sodium 142 
mEq/liter; potassium 4.3 mEgq/liter; phos- 
phorus 2.6 mg.%; alkaline phosphatase 4.5 
BU; and ca}sium 6.8 mg.%. A repeat culcium 
was 9.6 m3.%. The CO, was 29.0 mEq/liter; 
chloride 109 m¥«/liter. Tota! protcin was 6.9 
gm.% with 2n elbumin of 3.6 om.% and 2 
globulin of 3.3 gm.. Tne urine Sulkowiten 
was 2+, 

On the paticnt’s last office visit, August 5, 
1964, he was doing very well. He was being 
MaMiaized on ambulatory anlicougulants, Jt 
Was interesting to note at this visit that the 
patient Voluntarily stated that he was not hav- 
ing the mild headaches that he had previously 
had and he Was having no thirst, frequency, 
hesitancy, or urgency on urination. At this 
time a routine urine was nex.tive for albumin 
and sugar, but microscopic revealed 1-5 \WBC/ 
hpf and 10-12 RBC/upf. The scrum calcium 
Was 9.2 m3.%; phosphorus 3.7 mg.%; alksline 
phosphatase 5 BU. The blood urea was 5} 
mg.%. Total proteins were 7.3 £m.% with 
albumin 4.1 gm.9@ and globulin 3.2 £m.%. 
A scrum potassium was 4.2 mEGq/liter, 


Discussion 

Vitamin D has been used in the treatment 
of arthritis aliczzy, rickets, Psoriasis, acne, 
trichinosis and hyzocalcemic states. Most cases 
Of intoxication have resulied from taxing hun- 
dreds of tinaes in excess of zainimal adult needs 
Over months or years; usually 150,000 units a 
day or more," 

Vitamin D_ inezeases calcium absorption 
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ivoni the gastrointestinal tract and pnosphorous 
excretion in the urine. The sequence of events 
may be: 
(i) Increase esicium absorption 
(2) tnerease serum calcium level 
(3) Deere:.se pas:.thyroid gland activity 
(4) Deeresse uzinary phosphste excretion 
because of Cecreased parathyroid gland 
zctivity 
(5) Increase serum phosphate level 
(6) Supersaturatica cf blood with respect to 
calcium phosphate 
(7) Precipitation of calcium phosphate in. 
eonorm:l siics with metustatic calcifica- 
tion (kidneys, s, bronchioles, alveoli of 
tae Jungs, inucus membranes of the 
stomach, blood vessels, and other 
tissucs. = 
Faisal intoxication from vitamin D can be 
prodecd Whheut the Cevelop: pment | of hyner- 
caleersia, Poiniiag to the toxic effects not med- 
inte ihrouzh its effect oa ecicium nictabolism.* 
If the intoxication with vitamin D is severe, 
additional manifestations may occur with in- 
spissation of blood as 2 result of hypercalcemia, 
acute failure of renal f filtration, mapidiy rising 
Piasma phosphate and wana Nitroze 
ieee. and death from cle ctrolyte is:balance.* 
If there is a low intake of calcium with 
hypervitaminosis D, the scrum calcium js not 
high; the serum phosphorous is low, and the 
blood chemistry chanzes are similar to hyper- 
perathyroidism. The ciagnosis is clear from tie 
excessive intake of vitamin D.? Individual sus- 
Cepticnity varies; Howard und Myer noted 
that yucients getting twiee the dose that their 
intaxicuted from vita- 
min D, They thought tis was due to the varie 
ations ic intestinii conditions rendering ahsorp- 
lion beticr in some satients or that there muy 
be cellulor resistance of un unknown nature to 
the actioa of Use drug.? There are conditions 


Which predispose to developing rapid hyper- 
exicemic states; namely, hizh intake of cal- 
cium,‘ ® immobdilizatioa,® and sarcoidosis.* The 
increase calcium absorption in sarcoid is prob- 
ably duc to a hypersensitive response to vitamin 
D and not an over-dose. A d@crcase in calcium 
absorption is scen in renal failure and this is 
probably duc to a decreased responsiveness 10 
vitamin D,* 

The patient may have one or more of the 


following symptoms; anorexia; nausea, vomit- 


ing, hdominat pain, weight loss, diarrhea, 
polyuria, nocturia, polydipsia, headaches, 
drowsiness, weakness, blurred vision, photo- 
phobia, hearing in:pairment, pruritis, depres- 
sion, stupur, and coma. 

On cxamination there may be abnormal 
brownish pigmentation of the skin; subnormal 
temperatures, Conjunctival injection and depo- 
sition of calcium, hearing loss, mild hyperten- 
sion in one-fourth of the cases (increased ca)- 
cium deposition of arteries and secelerated de- 
Velopiuent of otheroselcrosis), and band kera- 


“tus. 


Laboratory results may ‘show the scrum 
eslciuin elevaicd; serum phosphorous normal, 
high, or low; normal alxaline phosphatase; mild 
snemia; proicinuria; casts; clevated non-protein 
nitrogen; impaired 2 PSP; fixed specific gravity; 

Sulkowitch 3 to 4+; and clectrocardiographie 
cncages with & shor: QT interval. 

X-rays may show calcification of the peri- 
iriicular structures. The cones may show osteo- 
porosis but this is probably due to an arth- 
rivs raiher than vitamin D, Metastatic calcifi- 
cation of other soit tissucs a: prostate, kid- 
Neys, Cx.ccmitics, mecia of iuvteries, heart 
veives, and subcutis choroid plexus are oficn - 
scca. The intravenous pyclograim shows a de- 

creased ability to excrete the dye. 

The diseases to be divereathited from vitae 
min D intoxication include primary hyperpara- 


%. 
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thyroigism, sarcoidosis, multinle myclozna, pri- 
Mary or meicststic Carcinome of bone, Hodg- 


Kins disease, leukemia, Burnette’s syndrome, - 
Acule Osicuporasis of Cisuse, and idiopathic | 


hyperealeensia of infancy. 

The sreaiment of hs pervitaminosis D con- 
Sisls OF signing the vitamin D; avoidance of 
culchim ja the diet; avoidance of exposure to 


sunlight; and forcing Nuics. One may use sier- - 


oids ja cases with central nervous system stupor 
or cona; with this drug there is an increascd 
urinary and fecal output of calcium.’ Verner 
ct al had two cases treated with ane, and 
the serum calcium returned to wal in & 
and 13 dzys without serious complications. 
Without sessaneiaity the serum calcium may take 
three monits to return to normal, and if renal 
insu Mficiene y is present it _ take 18 months. 


Costiuons 5 am tiportuas coulsion istic treat 


ment of the critically ill with this disease. It 
is useful therzpeutically ane may be of help 
diagnosticaily us a trial in distinguishing hyper- 
culecemia of hyperparathyroidism; cortisone 
Goes: rot affect calcium level of hygerpara- 
thyroicism, whereas ia hypervitaminosis D and 
sarcoid the calcium level is greatly reduced ia 
10 dzys aiter 150-206 ingm a day. While on 
cortisone a careful control of fluid balance is 
necessary. The prompt return of scrum calcium 
to normal would favor a more rapid decrease 
in blood urea.” 


Case : 

This 41-year-old man without a prescription 
had been soie to get vitainin D in large doses 
for 12 yeers. Ai no time was he warned of 
the possible tonic eects of the drug. The vita- 
min D was apparently given for arthritis, We 
had had threes previous hospital admissions, 
two for complications with bladder calculi; 

viemin D intoxication was not suspected. He 
had headscites, thirst, frequency, hesitancy, and 
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urgency of urination. The laboratory confirmed 
the metabolic abnormulitics of calcium and 
showed jrapairment of renal function, The -x- 
rays showed ne} arocalcinosis. After withdrawal 
of the vitamin D, the symptoms improved and 
the blood calcium metabolic levels returned 
towards normal in 18 months. He was not 
given cortisone therapy because he did not 
scem critically ill as far as his complications 
from viiumin D were concerned. 


Sumniary 


A case is reported of a 41-year-old tman 
\who took 200,600 units of vitamin D for 12 
years to help his grihritis, only to find out it 
had ted to serious con:plications of hypervita- 
minosis D. The patisnt was showing continued 
in:provdment at the tine of his last visit 18 
months efter discontinuing vitamin D, 
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REVISTA CLINICA ESPARNOLA 10 8: 


Otro aspecto a considerar es Ja inowicione.a 
renal que padecian les enfermos presenuudos, La 
insuficiencia renal cs una complicacién impor 
tante det miclonia multiple ** y es atribuida yene- 
ralmente a los efectos de la proteinuria de Bence- 
Jones sobre la funcidén tubular **. Se conocen, ade- 
mas, otros factores que pueden producirla, como 
la hipercalcemia, depdsitos de acido tirico, infil- 
tracién de céluias de! micloma, amiloidesis, pie- 
lonefritis, anemia y y.scosidnd aumentada de fa 
sangre. Raramente Ja insuficiencia revial es de- 
Lida a depésitos intraglomerulares de ta globu- 
lina sérica anormal **, >”. 

De los factores arriba enumerados so.ainente 
algunos pucden haber causado !a ise ficiencia 
renal en los casos presentados. en 2) caso nu- 
mero 2 hay que senalar la amiloidosis, depési- 
tos intratubulares de protcinas, piclonefritis y 
proteinuria de Bence-Joncs. La proteinuria de 
Bence-Jones, como ocurre en este enfermo, @ 
veces no muestra Ja precipitacién caracteristica 
entre 40 y 70° de temperatura y su redisolucion 
a los 100". Se debe fundamentalmente a que cl 
pil y la concentracion de proteinas y sales no 
son los adecuados, siendo la electroforesis cl 
método mas dtil para detectarla, En el caso 
niinero 1 solamente se conocen como factores 
causantes de la insuficiencia renal, ademas de 
la amiloidosis y depésitos irtratubulares protei- 
cos, la hipercalcemia. : ; 

La insuficiencia renal empobrece el pronéstico 
de) micjoma, sobre todo si se favorecca las con- 
Giciones de precipitacién intratubular de protei- 
nas con orinas acidas y restriccién de liquidos. 
De ahj que una mayor ingesta de liquidos y alca- 
linizacién de la orina son medidas que deben 
incluirse en el tratamiento del micloma para 
evitar el empcoramicnto de la insuficiencia renal. 


RESUMEN 


Se? -viken dos casos de mieloma milliple 
con pi teina de movilidad electroforética al- 
fou. acién renal secundaria, uno de ellos 
asociade _.1 amiloidosis y otro extcriorizado co- 
mo una artritis reumatoide. Se comenta los po- 
sikles mecanismos de !a insuficiencia renal y al- 
gunos aspectos de la ininunologia del micloma. 
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INTRODUCCION 


Desde el aiio 1928, a través de las publicacio- 
nes de HESS y Lewis’, conocemos lus efectos 
desfavorables que pucde producir la vitamina D 
a grandes dosis 0 Ja ac ministracién de cantida- + 
des woderadas a personas que padecen hiper- 
sensibilidad a la misma. : a 

Después y de forma progresiva ha ido prolif. . 
rando cl numero de comunicaciones comentando - 


' aspectos parciales o generales de esta situaci6n;:: 


por fo que actualmente esté tien dclimitado el © 
sindrome clinico y bioquimico, asi como la tera- ° 
péutica que debe establecerse. af oe 
En nuestro pals, suponemos que Ia intoxica- 
cién por vitamina D es relativamente frecuente, © 
basandonos en la experiencia de cuatro casos’', 
que hemos tenido ocasién de estudiar en la Fun- - 
dacién a io largo de un curso. También en el 


tate 


‘hecho de que existen multitud de preparados de 


vitamina D aislados o en combinacién y alimen-: 
tos enriquecidos, teniendo a todos ellos facil 
acceso cualquier persona; y, finalmente, consi- 
dcramos que la dicta rica en Ca y el clima con 
muchos dias de sol en la mayor parte wc nuestra 
geografiz, pucden ser coadyuvantes en alguna . 
medida. 

2n el presente trabajo nos referiremos sola- 
mente a dos casos seguidus mas directamente en 
nuestro Departamento. : 


Caso wim. L- FT. S., veinte meres, Nacié de emba- 
raze y parto normal. A los dlee meres advirtié su fame 
Ha que da nila bebla mucha agua a In Vou Qua BUS dite 
rests chan abuytantes con ostnas clavas, Fe apetito hae 
bia diantnuido poraletamente, pero no oxinthin otroa alge 
non o ebatarnran atiypnor doe manclén, 


ES57 


‘ome 108 
Noarnea @ 


Aportaba unos andlisis de orina con densidades que os- 
cHaban centre 1.004 y 7.009, y que no se medificaban con 
Ja Inyecclon de cinco unidades de tanato de pitresina, 

A Ja exploracién, Ja nina ten’a un desarrollg adecua- 
do para su edad. Buena coloracién de plel vy mucosas, 
Bien hidratada, ExploraciGu cardiopulmonar normal. 

T. A., 05/65. Abdomen binndo, no se palpa el higado, 
¢e) bazo ni Jos rihones. No edeinas. No se aprecian ade- 
nopatias, 

Los primeros andllsis nos demuestran muy discreta 
ancinia. La V. de S. es normal para su edad. Leucocitos 
y formula nornmales. Se comprucba en determinaciones 
serladas densidades urinarins bajas. 

Iniclalinente tomamos como punto de partida el diag- 
néstico de diabctes Insipida. Orientando las siguientes 
exploraciones en Ja forma que a continuacién exponemos, 
tratando de dilucidar Ja causa de su tncapacidad pura 
concentrar 1a orina. 


Con Ja prueba de la sed y Ja Inyeccién de dosis satu- 


rantes ce pitresina, que no modificaron las diuresis nt 
Ja densidad, descartumos todos los cuadros de diabetes 
insipida de origen central. Nespués, pasando xevista a 
todos los procesos que cursan con poliurla © origen re- 
nal, pudimos descartar unos y otros con Jos Jatos clini- 
cos y hloquimicos de que disponiainos, hasta Negar al 
grupo de Jas hipercaleemias. Realizadas varias determi- 
naciones de calcio en sangre obtuvimos cifras de mas 
de 11 mg. por 100. Su cuadro clinico no correspondia 
ni a hiperparatireidismo ni a sarcoidosis ni tampoco a 
ninpiin proceso maligno de Jos que cursan con hipercal- 
cemia, La constitucién de Ja enferma, su desarrojlo y 
nivel mental adecuados y los datos bioquimicos (ampoco 
sugerian c) diagnéstico de hipercaleemia idiopaty 1. Por 
tanto, guedaba como untea posibilidad para enca, + su 
cuadro, Ja intoxicacién por vitamina D, gue 1a nii.a ha- 
bia recibido cn dosis téxicas (20.000 unidades diarias cu- 
rante un mes), sczun comprobamos en un segundo jn- 
terrogutorio dirigido. oe 

Conerctado este dlagnéstico intentamos realizar un ba- 
lance del calcio que fue imposible por la dificullad que 
entrafiaba la recogida completa de hecees y orina en una 
nifia de tan corta edad. Pero cn determinaciones alsladas 
se obtuvicron calclurlas de mds de 200 ing. en 24 horas. 
Tambi¢n se practic6 una blopsia renal, cuyo estudio de- 
mostré depésitos de calcio en cl interior de algunos ti: 
bulos que en ocasiones sé Continuaban con eT intersticio. 
(figura J). 

Sometida a un régimen pobre en caicio y evitando todo 
aporte ce preparados de vilamma D, se instituy6 un tra- 
tamienta con 30 mg. de prednisona al dia durante 
diez dias. 

Con rélo este tiempo de medicacién asistimos a una 
mejoria clinica evidente. Aumenté el apetito, desapare- 
eJendo la poliuria y la polidipsia. El Ca en sangre dismi- 
nuy6 hasta 9 mg., asf como Jas calclurias por veinticua- 
tro horas que se redujeron a unos GO mg. La densidad 
de Ja orina ascendié espontancaumente hasta 1.016, Ne- 
gando hasta 1.025 con la ivyeecién de § unidades de ta- 
nato de pilresina (cuadro ixim, I). 


CUADPRO I 


Modificaciones que se observaron en la enferma F.T. 8., 
deapuds dol tratamiento con prednisona, in condiciones 
basalcs se realiz6 una prueba de la sed y dow inycecionces 
do pitresina 5 4-5 U., sin que sc modificaran la diuresis 
at la densidad. Despuds del tratamicnto, la densidad 
asccndiéd cspontducamente a J.016, Neqande a 1,027 con 
la priucba de la sed y la inycecidn de & U. de pitresina, 


eee EAT CL TRIN ECT TS 
Despuds det tra- 
tamlente con 
predninona 


400-00 
1.016-1.C27 
9,6-10 wg. % 
31-3.) mg. 44 


Danales 


Oe em ene ee ee ae 


800-1 .606 
1.003-1.006 
11,5-12 mp. & 
44-46 ng. % 


Diureste ...... cececensases 
Delbiad vo cceecceereenee 
Calelo cn sangre . 

Fésforo en mingre .., 


NOTAS CLINICAS 4 


Cuso nim, 2. B. C.'C., dicciInueve meses. Nacié a 
término, despudcs de un embarazo normal, pesando 3 ki 
logramas. Mn oe) parte fue necesario ulllizar ventosa, 
Tenin clerto grade de cianosis en relacién con variag 
yucitas de cordén. Se le administré oxigeno y en seguida 
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Fig. 1.—F. T. S. Yeinte meses. ‘Blopsia renal percuthnoa. 
Intersticio renal iffiltrado fundumentalinente por lnfocitos. 
Cilindros grumosos en ye ene y depéisitoa de calcio. 

S. XK 100. 


se recuperdé, Durante dos meses se alimentdéd eélo con 
leche materna, ganando peso y desarrollandose normal- 
mente. A Jos sicte meses pesaba 8 kilogramos. 

Insidiosamente cl apetito disminuy6, apareciendo sed 
intensa y vémitos ocasionales. Reciblé frecuentemente 
vitaminas, entre clas vitamina D y calcio, sin poder 
preeisar dosis ni tiempo. Orina mucha cantidad noche y 
dia. : 

No reficren casos semejantes entre sus familiares, 

A Ja exploracién; La nifia ticne un desarrollo inferior 
al que Je corresponde. Buena coloracién de picl y de mu- 
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Fig. 6.—38. C. C. Diceinuevoe meses. Biopsia renal ercuta- 
nen. Nefrocaicinosis con reaccién Interaticlnl; dilatactén 
tubular. Ovillo glomerular normal. HE. xX 96. 


coxas. Denticién normal para su cdud. Exploraci6n car- 
dlopulmonar normal. T. A., 11/7. Abdomen, blando, no 
se palpa cl hipado, cl bazo ni los rifioncs, No cdemas. 
Datos complementurios: Sangre, anemia muy «dixere- 
ta. Leucocitosis de 18.000 con 9 cayudon, 4 eosxindéfilos, 
Na. 334, K. 4,7, Cl. 87, R. A. 2) «mg/l, pH. 7,52, 
urenila 0.26 pm/). Mrotelnogrania sin altcraciones. Ei 
Ca. aparecia clevado 14,6 mg. por 100; T), 2,1; F. A., 17,6, 
Culesterina, normal para su edad: 39 mg. por 100. 
Orina: discretas olteraciones en el sediments, con in- 
dictox de proteinuria, densidad de 1.005, Slenvbra de oy- 
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no, negativa. Fl estudio serjado nos demuestra una po- 
Nuria de unos ‘1.000 ¢. ¢. por 24/h., con densidades que 
osciian entre 1.601 y 1.0C8 y no se modifican con la 
Inyeccién de dosis saturantes de pitresina, 

,Las ellininaciones diarias de Na. y Kt. son adecuadas 
ala ingesta. 

EI! filtrado glomerular medido por ¢l aclaramiento de 
crealinina esté descendido a unos 6 c. ¢./min., corres- 
pondicndole unos 30 ¢. ¢./min. 

E! estudio radiolégico no demuestra calcificaciones re- 
nales, La base del crAnco esta normalimente calcificada, 
Jas impresiones digitales sin aumentar y suturas norma- 
les. Fl extremo de las cpifisis esta hipercalelficado. La 
edad ¢sea radiolégica es algo menor que Ja edad real. 

Se practicé una biopsia renal, en Ja que sulo aparccen 


INTOXICACION VIT. 0 


BCC. ? 19 meses 


Fig. 3.--B. C. C. Evoluctén de fa diurexix, calciurian, cifras | 


plasinAticas de Cay Py filtrado glomerular en relacién con 
¢e] tratamiento con esteroides y ftato. , 


pequefos depésitos de Ca en algunos tubulos e inters- 
liclo con cierto grado de reaccién inflamatoria inters- 
ticlal (fig. 2). 

Con estos datos nos planteamos el diagnéstico diferen- 
cial entre Ja hipercaleemia idjopatica y Ja intoxicaclén 
por vilamina D, descartando las demits causas de hiper- 
caleemia por yazones clinicas. 

En contra de la intoxicacl6n por vitamina D teniamos 
la falta de evidencia de administracion de vilamina D 
& grandes dosis, la ausencia de alcalosis metabdélica (la 
enferma tenia 7,5° de pH., pero con R. A. de 21), coin- 
eldiendy siempre con hiperventilacién en el momento de 
fa extraccién, ya que Ia nifiia Noraba, y la falta de al- 
teraclones éseas especificas, 

Sin embargo, su cuadro tanrpoco eneajaba en el de 
hipercalcemia idiopaticea. Faltaban las ulleraciones soma- 
tleas que Ja caracterizan (epicanto, frente alta, calcifi- 

. caclén de la base del craneo, cic.). Aparte de algun date 
analitico que thene clerto valor, como es ja colesterina on 
sangre, que sucle estar clevada y cn nuestra enferma 
era normal, 

Por todo ello nos Inclinames por el primer diagndstico, 
apeydndonos en ta evolucién y respuesta al tratamiento 
que fue mis en connonanela con tntexteacion por vita- 
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Durante su estancia en la Clinica, y después de 
tomar las medidas de orden general, se decidié 
un tratamicnto con csteroides, 30 mg, ‘dia de pred- 
nisona, Con ello, y de forma progresiva, la en- 
ferma mejor6 clinicamente, se hizo mas sociable, 
se alimenté mejor y gané peso. La cifra de caicio 
descendié, aumentando cel filtrado glomerular, 
como muestra la figura 3, 


CoMENTARIOS 


Al presentar estos dos enfermos nos propone- 
mos amar la atencién sobre la frecuencia con 
que cacos similares pueden darse, por las razones 
que mencionakamos cn Ja introduccién. 

Al mismo tiempo queremos resaltar los aspee- 
tos interesantes de diagnéstico, evolucién y tra- 
tamiento, haciendo hincapié en la extraordinaria 
importancia que tiene el planear de forma orde- 
nada un diagnéstico diferencial completo, pues 
los enfermos casi nunca nos dirdn que tomaron 
vitamina ID, sino sélo sus sintomas, mds o menos 
orientadores. Pero cs mis, aun conociendo el an- 
tecedcnte de administracién de vitamina D puede 
ser dificil saber las dosis exactas. 

Los sintomas de la intoxicaci6én por vitarnina 
D, estan condicionados por la hipercaleemia que 
produce a través de los siguientes mecanismos: 

1. Aumenta la resorcién de Ca en el tubo 


digestivo y secundariamente de P. 


2. Aumenta la resorcién de fosfatos por ios 
tubulos renales, con lo que disminuye su climi- 
nacién y aumentan sus niveles en sangre. En 
ausencia de parathormoua aumenta la elimina- 
cién de P. 

_ &  Moviliza el calcio de los huesos cuando el 
calcio de la dieta no cs suficiente. 

4. Regula el equilibrio entre el calcio de los 
huesos y cl de la sangre, accién mediatizada por 
las glandulas paratiroideas. 

Las necesidades de vitamina D para un nifio 
som de unas 2CC unidades ‘dia. 


DIAGNOSTICO DIFERENCIAL .’ 


Estos enfermos acuden al médico aquejando 
polidipsia, poliuria y muchas veces con varios 
anatisis de orina, en los que persiste una densi- 
dad baja. 

El primer diagnéstico sindrémico que debera 
estaklecerse es por tanto el de diabetes insfpida. 

Repas:ndo las publicaciones de WARLENER * so- 
bre este tema encontramos un gran nimero de 
procesos que cursan con esta alteracién siendo 
facilmente desglosatles en dos grandes grupos: 

A) Piaketes insipida de origen central. 

EZ) Viaketes insipida nefrogénica. 

La pructa diagnéstica de facil realizacién que 
nos determinarda cn qué grupo esté incluido un 
enfermo con poliuria, es la iayeecién de dosis 
raturante de pitresina. Siel volumen y la densi- 
dad no se modifien aceptaremos que existe una 
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ineapacidad del rifién pi.va responder a la A. D. 
H., tratando posteriormente de buscar cl por- 
qué de esta falta de respuesta. 

Fen este apartado, incluircmos come causas po- 
sibles Jas siguientes: . , 

' a) Diabetes insipida nefrogénica esencial. 

b) Sindromes tubulares complejos (Fanconi, 
cistinosis). 

c) Deplecién de K. 

d@) Oclusién parcial de arteria renal. 

e) Drepanocitosis. : 

{) Diuresis osmdticas. 

g) Piclonefritis. 

h) Tipercatcemias. 

Fl primer diagndéstico siempre lo sera de ex- 
clusién por no conocer la causa y no tener unas 
alteraciones tipicas que Jo confirmen. Se sucle 
dar en varones. En ocasioncs existen anteceden- 
tes familiares. No responden ni a Ja deprivacion 
de liquidos ni a la inyeccion de tanato de pitre- 
sina, aunque se ha comprobado que si con reduc- 
cign de liguidos Ja pérdida del peso corporal le- 
gaan 5 por 100, pucde ascender la densidad sin 
quc sepamos Jas razones. 

Jen Jos cuadros tubulares mas complejos del 
tipo del Fanconi, cistinosis, etc., encontrarjamos 
a través de las detcrminaciones pertinentes otras 
manifestaciones de alteracién tubular como son 
- glucosuria, fosfaturia, aminoaciduria, ete. 

En Ja deplecién de K obtendriamos una cifra. 
baja de este catién en sangre, buscando poste- 
riormente las causas de su deplecién: vémitos, 
diarreas, diuréticos, pérdidas renaies por otras 
causas. 

La drepanocitosis es una enfermedad que no 
se da en nucstro medio y que citamos como cu- 
riosidad. 

La diuresis osmética sera facil de descubrir 
por cl antccedente de administracion de alguna 
de Jas sustancias que la producen o mediante cl 
diagnéstico de dcterminadas situaciones clinicas 
en que aparecen. 

La piclonefritis es una enfermedad cuya clini- 
ca es bien conocida, pudicndo en ultimo caso prac- 
ticar una biopsia renal con la que oktendriamos 
un diagnéstico de seguridad. . 

Por ultimo, tenemos el grupo de las hipercal- 
cemias cn el que estan incluidas diversas enfer- 
mecdades que pueden cursar con poliuria, y que a 
continuacién enunciamos: 

Sarcoidosis. 

Hiperparatiroidismo. 

Diversos tumores con o sin metastasis dseas. 
Micloma, Jinfoma, leucemias, Hodgkin. 

Hipercalcemia idiopatica. 

Sindrome de Ieche alcalinos. 

Intoxicacién por vitamina 1. 

Para hacer el diagnéstico diferencial de este 
grupo de enfermedades crecemos muy convenien- 
te dividirlas en dos grandes grupos. Aquellas cu- 
ya sintomatologia no sdlo dspende de la hiper- 
calcemia y cuyo dingndstico esta hecho muchas 
veces antes de que aparezca este signo y entre 
las que incluimos : sarcoidosis, hiperparatiroidis- 
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mo, Lumores, micloma, linfomas, leucemia, Hodg- 
kin; y un segundo grupo cuya sintomatologia 
fundamental esta producida por la hipercalcemia, 
que comprende el resto; si bien en los casos de 
sindrome de Ieche y alcalinos puede perdurar la 
sintomatologia del ulcus. 

In cl primer grupo estan incluidos una serie 
de cuadros que conservan unas caracteristicas 
clinicas y bioquimicas y anatomopatoldgicas que 
dificilmente nos levarin a confusién entre ellas. 


El sindrome de leche y alcalinos es de facil. | 


diagnéstico si lo planteamos y, finalmente, nos 
queda la hipercalcemia idiopatica y Ja intoxica- 
cién por vitamina D, cuya diferenciacién puede 
ser dificil. 

La hipercalcemia idiopatica es una enfermedad 
gue habra que aceptar sGlo cuando hayamos des- 
cartado cl resto de Jos procesos que cursan con 
hipercalcemia. Son nijios desnutridos con histo- 
ria de vémitos de repeticién, estreiimiento, poli- 
dipsia y poliuria. Somaticamente conservan algu- 
nas peculiaridades, como son el epicanto, frente 
despejada, arco nasal hundido, mandibula peque- 
fia. Radiograficamente podemos descubrir una 
esclerosis de los huesos de la base del cranco. 
Bioquimicamente se ha descrito la existencia de 
una cifra de colestcrina elevada y también aci- 
dosis hiperclorémica. 

La intoxicacién por vitamina D es un diagnés- 
tico a aceptar cuando existe cl antecedente claro 
de administracién de dosis téxicas de dicha vi- 
tamina. Sin emkargo, cuando existen dudas so- 
lie la cantidad administrada puede ser dificil 
conerctar este diagnéstico. Clinicamente, como 
ya hemos sciialado, tienen un cuadro intimamen- 
te ligado a la hipercalcemia. Radiolégicamente 
se ha descrito aumento de densidad de los ex- 
tremos de crecimiento de los huesos con rarefac- 
cién en cje de los mismos; también se pueden 
encontrar densas lincas metafisarias. Bioquimi- 
camcnte pucde scr un dato importante la exis- 
tencia de. una alcalosis metabdlica. 

Una prucba retrospectiva gue puede ser util 
en cl diagnéstico diferencial de una hipercalce- 
mia cs Ja administracion de esteroides. Con este 
tratamicnto podemos disminuir Ja caleemia en 
aquellos procesos en los que cl mecanismo de la 
hipercalecmia reside en un aumento de la resor- 
cién del calcio a nivel intestinal como son la sar- 
coidosis, ]a hipercalcemia idiopatica y la intoxi- 
cacién por vitamina D. Fl resto de los procesos 
cuya hipercaicemia parece estar mas en relacién 
con }n likeracién del calcio ésco no responderian 
a esta terapéutica. 

In el siguiente cuadro JI resumimos, final- 
mente, las alteraciones hioguimicas mas carac- 
teristicas de algunos cuadros que cursan con 
hipercalcemia *. 


Evo.ucién . 


Suele scr favoral:le si no ha trascurrido mucho 
ticmpo y no existen grandes depdsitos caélcicos 
visecrales, 
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Resumen del diaguoatica difeccncial de los datos bloqutmicos mia importantes de algunoa proccsos que curaan con. 
hipercalcemia, 


P 
tenses, caster 


Caicemia 


fiperparatiroidismo ......... 
Intoxicacién Vit. D ... 
Sarcoidosis Ae 
Sindrome de Burnett .......... 
Neoplasias 

Sindromes parancoplaAsicos ... 
Ilipercalcemia idjop4tica ........ 


Calciuria 


pL ne — 


yp ee SSNS 


Equilibrio 
Acido-base 


Fosforemia 
Normal, + 
Alcilosis metabélica, 
“iealosis metabSlica, 
alcalosis metabSiica, 
Alcalosis metabSiica, _ + 
Normal. 
A veces acidosis hiper- 

clorémica. 
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TRATAMIENTO 


Comprende cuatro apartados: 

1." Retirar toda medicacién de vitamina D y 
calcio. Instaurando una dieta con ‘poco calcio. 

2° Medicacién sintomitica. 

3.° Corregir el déficit de agua y sodio y po- 
tasio si existiera. : 

4° Tratamiento especifico con esteroides. 

En relacién con cl primero y segundo apartado 
no parece necesario insistir mas ni extendernos 
en mas comentarios, pues nos parecen okvios. 

El tercer apartado es importante, pues la hi- 
percaiccmia produce, con la poliuria, pérdidas de 
agua, sodio y potasio con disminucién del volu- 
men circulante y posible insuficiencia renal por 
este mecanismo. 

FE] tratamiento con esteroides tiene una base 

fisiopatolégica *, ya que existen ob.:ervaciones de 
enfermos de Cushing y otros tratados con dosis 
altas de esteroides que desarrollaban hipocalce- 
mias, a través de una disminucién de la absor- 
cién de Ca a nivel intestinal. Por este motivo se 
ensayo esta terapéutica en distintos procesos con 
hipercalcemia, siendo de utilidad en las situacio- 
hes concretas ya mencionadas. 
_ La dosis y duracién del tratamiento variaran 
en cada caso, pero es fundamental insistir todo 
el ticmpo que sea preciso hasta que aparezca una 
mejoria clinica y se corrijan las alteraciones bio- 
quimicas, : 


4 RESUMEN 
Se presentan dos casos de intoxicacién por vi- 
tamina D, en dos nifios de corta edad; comentan- 


do los aspectos de historia clinica, exploracién 
fisica, dntos complcinentarios, diagnéstico, evo- 
luci6n y tratamiento. 

Sciialamos la relativa frecuencia de este pro- 
ceso en Espaia y las posibles causas; pasando 
revista a Jos inecanismos de produccién de hiper- 
calcemia for la vitamina D y necesidades de la 
misma.'A continuacién se desarrolla el diagnés- 
tico diferencial del sindrome de poliuria. Comen- 
tando finaimente la evolucién y el tratamiento 
desde el punto de vista general sintomatico y es- 
pecifico con esteroides. 
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Nephrotoxic Effect of Vitamin D Therapy. in 
Vitamin D Refractory Rickets 


M. W. MONCRIEFF and G. W. CHANCE 


From the Department of Puediatrics aud Child Health, University of Birmingham 


‘ 


Hypophosphatacmie vitamin D refractory rickets 
is a rare discase which may he inherited as a sex- 
linked dominant (Winters ect al., 1958), and is 
characterized by the development of the stigmata 
of rickets in the first ycar of life. There is often 
considerable delay before the correct diagnosis is 
made, and by then there may be some retardation 
of growth (Fraser and Salicr, 1958). The rickets 
can be healed by very large doscs of vitamin 
(Albright, Butler, and Bloomberg, 1937), but the 
margin between the thers scutic dose and the toxic 
dose of vitamin D is sinall (Fraser and Salter, 
1958). Vitamin D in toxic doses causes hyper- 
cleaemia lezding te rerhrocalcirosis (Parfitt, 
1964; David, Verner, and Engel, 1962). 

We have recently studied 4 children with yitamin 
D_rcfractory rickets to assess the likelihood of 
development of toxic effects from carefu"" monitored 
Jong-term treatment with vitamin D. 


Material und Aicthods 


Four children with hypophosphatacmic vitamin D 
tefractory rickets are the subject of this report. These 
children had developed rickets despite an gdequate 
intake of vitamin D, and all had aJow scrum phosphate, 
Rormal scrum ‘calcium, and raised serum alkaline 
Phosphatase at the time of diagnosis. Initial urinary 
studies showed excessive phosphate loss, normal amino 
acid exerction, and no reducing substances. Vhey were 
treated with vitamin D, the dose being adjusted accord- 
ing to the values of the scrum calcium and the 24-hour 
urinary calcium which were measured monthly; the 
results are summarized in Tables ]and HI. The scrum 
Phosphorus, alkaline phosphatase, latterly urea, and 
urinary phosphorus were also measured monthly, 
but the results are not reported here. Three of the 
children also received buflered isotonic sodium phos- 
Phate solution equivalent to 1-3 g. phosphorus daily, 
The sachitic deformities have improved and growth has 
been in the normal range. No child has had a urinary 
(act infection. 


ee 
Received March 10, 1969, 


. 


Case Histories 


Case 1. ‘This girl was referred to hospital in 1962 at 
the age of 2 years with bowed legs. She had been fed on 
sand Gate milk from the age of 3 weeks, had started 
solics at 10 weeks of age, and had been given additional 
vitamins fron the age of } month. On examination the 
wrists and ankics were swollen as were the costochondral 
junctions. There was 1-25 cm. between the knees with 
the mallcoli touching. Her height was between the 
3rd and 10th centiles for her age. An x-ray of the 
wrist showed healing rickets. ‘The serum calcium 
was 10-0 mg./100 ml., phosphorus 2:5 mg./100 ml., 
urea 17 mg./100 mi., and alkaline phosphatase 27 KA 
units, She was treated with vitamin D3, and for most 
of the time has received J me. daily. Six months afer 
treatment was started she devcloped symptoins of hyper- 
ealcuemia, with a raised serum calcium, and vitamin D3 
therapy was stopped for 2 months. Since then she 
has had two bricf cpisodes of hypercalcacinia during 
which therapy has been stopped. Her rachitic defurm- 
itics initially resolved, but recently she developed a mild 
genu valgum which was corrected with night splints, 
Her height is now on the 25th centile for her age (Fig. 1), 
and a recent x-ray of the wrist shows that-the rickets 
has healed. : 


Case 2 When this girl was admitted to hospital fa 
1960 at the ape of 2 yetrs because she was not walking, 
she was found to have slight bowing of the Icgs, swelling 


of the wrists and ankles, and slight swelling of the coste= * 


chondral junctions. She had reccived Cow and Gate 
milk and daily cod liver oi! froin the age of 1 month, 
Her height was on the 3rd centile for her age, and 
an x-ray of the wrist showed active rickets. ‘The scrum 
calcium was 8-9 mg./100 ml., phosphorus 2:4 mg./ 
100 ml., urea 19 mg./100 ml., and alkaline phosphatase 
66 KA units. She was treated with vitamin 13 and 
isotonic buffered sodiuin phosphate solution. Despite 
full co-opcration, control proved dificult, and she 
subsequently developed hypercalcacmia_on $ Occasions 
during which vitamin D3 Ucrapy was stopped. The 
phosphate solution was discontinued between September 
1962 and April 1966. In 1965 cruciate craniectomy 
was necessary for relicf of raised intracranial pressure 
due to complete craniosynostosis. Her height is now 
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TANLE I ; : 
Number of Monthly Measurements of Serion Calcium 


Duration of 
Treaunent 
Gr.) | 
rset 
s 
cl) 
8 


% 
2s 
% 
15} 6s 


Serum Calcium (mg./100 ml.) 


ee 


11-11-68 
18 


- 3s 


Bald 
80 


TABLE II 
Nionber of Monthly Measurements of 24-hour Urinary Calcium Excretion 


: Duration of 
1 | Treatment 
| (yt) 
$$$ ____. 
x | 
15} 


Note: Usine collections were unreliable in Case 3. 


on the 25th centile for her age (Fig. 1) and the rickets 
is still slightly active radiographically, though she now 
has no skeletal deformities. She has received between 
9:75 and 2 mg. of vitamin D3 daily for most of the 
duration of trcatinent. 


Case 3. This boy was referred to hospital in 1959 
at the age of 9 years, with severe knock-knee, which 
had becn first noticed at the age of 3 years, Mixed 
feeds had been started at the age of 6 months and he 
had been given cod liver oj] intermittently frora that 
age. He was found to have advanced knock-knee 
with 14-6 cm. of intermalleolar separation, and slight 
swelling of the wrists. His height was below. the 
3rd centile for his age and an x-ray of the wrist showed 
active rickets. The scrum calcium was 8-7 mg./160 mi., 
phosphorus 2-1 mg./100 ml., urca 32 mg./100 ml., 
and alkaline phosphatase 39 KA units. His father also 
had bowed Iegs and the scrum phosphorus was 2-9 mg./ 
100 ml. 
buffered sodium phosphate sclution, He has remained 
well, and his dceformitics have slowly resolved. His 
height is now on the 10th centile for his age (Fig. 2). 
A recent x-ray of the wrist showed that the rickets 
was still active. Ile has had 4 short periods of hyper- 
calcacmia during which vitamin D3 was discontinued: 
His dose of vitamin D3 has varied between 2 and 
G mg. a day for most of the time since diagnosis. 


Case 4. This girl was noticed to have bowed legs at 
the age of 20 months and was admitted to hospital in 
1952 at the age of 4 years. Mer Beneral health hud 
been good and ghe had had cod liver oil daily from the 
age of 4 months. She had marked bowing of the legs, 


with 7°6 cm. scparation between the knees, und the 


He was treated with vitamin D3 and isotonic * 


Unnary Calcium (mg./24 hie.) 


costochondral junctions were slightly enlarged. Her 
height was below the 3rd centile for her age. An 
x-ray of the knees showed late, slightly active rickets. 
The serum calcium was 11-4 ing./100 mi. phosphorus 
2:2 mg./100 ml., urca 25 mg./100 mi., and alkaline 
phosphatase 55-8 KA units. She was treated initially 
with calciferol, but in 1956 treatment was changed tv 
vitamin D3 and from 1959 onwards she was given im. 
tonic buffered sodium phosphat: solution in addition. 
In 1954 she had a bilateral Osietony of the tibiae 
Mer deformities have persisted, though improved by the 
osteotomy, and her height has continued on the ted 
centile (Fig. 1). X-rays of the wrist show that the 
rickets has not been active for the past 8 years. Wez 
dose of vitamin D3 has varied between 3. and S ng 
daily since 1956, and she has had pne_prolonged, anc 
three short, periods of hypercalcacinia. 


Methods 


The patients were admitted to hospital in 1968 fur 
investigation of renal function. The urine was torted 
for protein by Albustix test tapes (Ames) and fe: 
reducing substances by Clinitest tablets (Amo 
Creatinine clearance was measured twice during tw- 
consecutive 3-hour collections of urine with one the 
sample taken between the collections. ‘The serum ar! 
urine creatinine were measured on the Auto-Analss* 
using a modification of the standard ‘Techaicon meth’ 
The duplicate estimates of creatinine clearance ? 
showed good apreement. ‘Whe result is given asthe ime. 
of the two values corrected to a surface area of 1-73 Bo 
Vhe extent to which the urine could be concentra’ ° 
during 2 period of fluid deprivation was ineasured * By 
Weighing successive sainples of urine in @ spe": 
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Centiles 97 ‘ centiles 97 
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aan eee aie Steer te Winters ae ae 5. ne 
Meight lem) 
* Height (em) 


20 4e~ 


ts ol 28 4S 6 7 8 A 
Age (years) , Age (yeors) 


Fic: 1.—Growrh charg (Tanner, Whitchoise, and FiG. 2.—Growih chart (Tanner ct al., 1966) showing 
Takaishi, 1966) shosving height in Case] @—O6—©, Case? height in Case 3 o—e—e@. 
O—O—0 and Case ¢ x—x—y, : 

fravity bottle and recording the time taken toachievea or reducing substances. The results of the 
specific gravity of 1022 or greater. The ability to remaining investigations are shown in Table 111, 
excrete an acid load was assessed by performing the Creatinine clearance was normal in 3 cases, but 
ammonium chloride test in the following manner. reduced to half in Case 2. All 4 cases were able to 
After collecting urine for about .2 hours Bote OF conconirste urine satisfactorily. ‘The ammonium 
ammoniuin chloride 3.8. X surface area (sq. m.) was chloride load test was abnormal in all. Case 2 was: 
: _ 2:73 : ;, unable to excrete urine with a PH below 5-8, 
flven, Three further censecutive 2-hour urine speci- ammonia cxerction was impaired in all, and the 


mens were collected, each accurate} timed and iminedi- : = ea: Z 
ately cooled ii --20 °C i pied analysis. Urinary rinary titratable acidity was just below normal in 


ammonia was estimated by applying direct] to urine Cases 1 and 4, 

the Phenol-hypoc hlorite oli piled a by Renal biopsy was performed in Cases 1, 2, and 3, 
Horn and Squire (1966). Titratable acidity was The specimens frum Case ! consisted of cortex 
sstimated using the method of Henderson and Palmer, and medulla and contained 17 glomeruli: these 
as described by Peters and Van Slyke (1931), in which the showed slightly increased cclularity and slight 
urine is titrated to pH 7-4 using 0-1 N NaOH, with increase of centrilobular fibrillary material, Calci- 
Phenol red as indicator. The results were expressed as fication was present in several areas within the 
Micro-equivalents of ammonia and titratable acid medulla “related to the tubules (Fig. 3). The 
*xcreted per minute, both corrected to a surface area Specimens from Case 2 consisted of cortex only and 


°f1-73 sq.m. ‘The PH of the urine was measured with : , 
narrow range pil indicator papers. After intravenous  CONtained 37 glomeruli. Almost half the glomeruli 


Pyelography, percutancous renal biopsy was performed Were sclerosed, and several others were partially 
using local anaesthesia According tothe method described sclerosed. In several slomeruli there was a 
¥ White (1963). The specimens were fixed in 10%, moderate amount of endothelial cel] Proliferation, 
‘wniol saline, sectioned at 2-3 4, and stained by Von with loss of capillary spaces, and there were many 
posse’s method and with hacmatoxylin and eosin, deposits of calcific matcrial in the interstitial tissucs, 
‘AS, and Weigert's clastic van Gieson stain, but none in the tubules or glomeruli (Fig. 4), 
: ’ The.specimens from Case 3 consisted of cortex 

Results and medulla, and contained 18 tloincruli, of which 2 

The intravenous Pyclogram was normal in the were sclerosed and the remainder normal. Two 
4 children, and their urines did not contain Protein small deposits of calcium were present related to 
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Discussion 


These 4 children Were considered to 


from vitamin D refractory Tickets fo 


nd. N 


Phosphate 

@$ recommended 

¢ dose of Vitamin 13 

Was adjusted so that as far as Possible the monthly 


Serum calcium level was maintained below 1] mg./ 
100 ml. in ars and below 10 mg./100 ml, 
during t ¢ control with vitamin 
Case 1, with only 7°, 
Measurements over 

cs 3 and 


Shou 
the subsequent 
3 Case 2 has had a 


tion 
cly 70", 
has Only a little 


Ver 100 ng. 
of the duratio 


_ 


factorily after an 
kidney biopsy specinsen, 
Sclerosed 
Present, 


Quarter of the 
cellular Proliferation 
also 


© 


E565 


in 4 Patients with Vitamin D Refractory Rickets 


Ammonium Chloride Load Ten 


canon ! 
| Titratable Acidity | Ammonis ' 
) 


(uF q'nin, (ulig 'min.) 


pls of 
_ Urine 
4 3-9 
3-8 
5-2 
$-2 


23-s 
33-9 


aE are -- 


Matsuda ey ol. (1968), 


the cortex and one jn the 


hour ugj 


(Knapp, ‘hich varies with 


Patients, 


Mon the 3rd 
Centile, . 


investigations 
apart from 


adults, 

(1968) in children, 
used a somew 

(0-) 8-/kg. be 


Patients, rence may also jn Part explain 


n of ammonia in Our paticars, 
of these Pationts shows only a 
calcium, fore if hyper- 
ture the outlook 

Aticnt has severe 


unable to acidify th 
ammonium chlorj 


+O ee sree ey, 
ae ae seemed 


and numcrous 


| eee fee 


a Wis pre: 

Were affected ina - 
Showing both hyalinization and 
+ Glomerular involvement ha 
been reported in hypercalcacmia duc w 


Cases, 


B Ss Orme ge Se wey: 
Fane: 2 ia seiigsahh chet oad are: * + 


wis, 


, 


‘ 


reer 


. 


¢ 
+ 
t 
. 
' 


Sots See Pe 
bye a nd gee vale 
ae the on meet ot ' 


e ad 
“ore e 
i Ore 


BOs 


z x 


ae 
£<3. 


TOs 8s 


gt ttget Y 


oe 


oF set, 


ig 4° ve + ° 
Seateise ose fs 
Pet OS Me, Sd 


Nephrotoxie Effect of Vitamin D Therapy in Vitamin D Refractory Rickets 


Srpeapre a: 5 
aa SR EUS, me" 
-2 ? . 


E566 


575 


© d's, 


- ie 


. e 


. awe. s 
bg s tics ad 


tet Me ftw 
y ards OU Tae 


(b) 
Fic. 3.—Renal biopsy from Case1. (a) Several small deposits of calcitan in the medulla. (Von Kossa. x 66.) (b) Three 
glomeruli with shghily increased cellularity. (PAS. x 72.) 


thyrotoxicosis (Epstein, Freedman, and Levitin, 
1958) and in idiopathic hypercalcacmia of infancy 
(Lowe et al., 1954; Dawson, Graig, and Perera, 1954). 
We therefore conclude that the glomerular damage in 
this patient is a consequence of the repcated 
tpisodes of hypercalcaemia. The degree of glomer- 
vlar involvement appears to be out of Proportion 
to the amount of calcium in the specimen. How- 
ver, it has been shown that calcium is removed 
ftom deposits in the kidney when the serum 


calcium returns to normal (Kent et al., 1958), 
This may well have occurred in this patient in 
the years since her last episode of hypercalcacmia, 

Only one study of renal function and histology 
in children with vitamin D_ refractory rickets 
treated with large doscs of vitamin D has been 
reported (Paunicr et al., 1968). 14 paticnts were 
studicd, 13 of whom were found to have normal 
renal function. In 10 paticnts renal biopsy was 
performed and histology was normal in 8. One 
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"1G. 4.—Renal biopsy fron Case 2. 
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Patient with normal renal function had a modcrate 
amount of calcium deposited in the medulla, The 
other patient whose renal function was impaired 
had sclerosed glomeruli and calcium deposits in the 


medulla. . ‘This patient. had previously had a pro- . 


longed episode of hypercalcaemia and in addition 
sutfered from. chronic pyclonephritis. All these 
ftienty had had their vitamin D therapy carefully 
Monitored by frequent estimations of the scrum 


(a) Several sinall deposits of calciwn in the cortex, 
élomeruli, 3 of which are sclerosed and one partially sclerosed. 
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(Von Kossa, x 66.) (6) Four 
(PAS. x 66.) 


calcium which was maintained below 10:5 mg. 
100 ml. as far as possible. Renal histology was alw 
studied by Nigrin er al, (1962) in 8 paticnts with 
vitamin D refractory rickets tecated with vitamin 
D, and 7 were found to have calcium deposits in the 
kidneys. Unfortunately renal function was mt 
studied. The serum calcium Jevel in these patients 
had not risen above 12-5 mg./100 ml. Robina 
and Nelson (1945) found dcercasing glomerulst 
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(b) 
Fic. 5.—Renal biopsy from Case 8, (a) Two deposits of calcein. (Von Kossa, x66.) (b) Two normal clomeruli. 
CGilastic van Gieson, »: 66.) ‘ 


{tration rates in 2 patients with vitamin D refractory recommended that the scrum calcium should he 
tickets treated with large doses of vitamin 1D, maintained below 1} mg,/100 ml., and thought 

The control of therapy in vitamin 1) refractory — that ‘biochemical cure’ should be the aim of treat 
ckets is difficult, as the margin between the thera- ment. In vitar'in D intoxication, the urinary 
Nutic and the toxic dose is small. Whereas the calcium exerction -iscs above normal before the 
diwase itself does not shorten life, nephrocalcinosis Jevel of Scrum calcium rises. Hence Stcarns 
tue to Vitamin D intoxication may lesd to chronic (1964) based the control of therapy on the 24-hour. 
‘nal failure. It is therefore most important to urinary calcium exerction related to the calcium 
avoid Overdosage with vitamin D, Dent (1952) intake for a Siven body weight, and aimed to keep 


aie a YEP SIR Ce cores sg : 
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the urinary calcium exeretion between plus and 
minus 3 standard deviations from the mean urinary 
calcium excretion (Knapp, 1947). Stamp et al. 
(1964), in 52 patients, tricd to maintain the scrum 
calcium below 12 mg./100 ml., and found it was 
impossible to prevent the recurrence of deformities 
or restore a normal growth pattern. Pierce, 
Wallace, and iferndon (1964) believed that the 
scrum calciuin level was the most important 
criterion of impending toxicity, and regarded a 
Jevel of 11 mg./100 ml. or over as an indication for 
withdrawal of vitamin D therapy. A rigorous 
programme of splinting was recommended to 
check the progression of deformities before puberty. 
Fraser and Salter (1958) and Paunier e: al, (1968) 
recomunended that the level of serum calcium should 
be kept below 10:5 mg./100 ml. but found that 
growth was not always in the norma! range, nor 
was complete ‘biochemical cure’ obtained. 


Therapy in our children has not been as successful 

- as in those described by Paunicr er al. (1968), and 
even mild hypercalcacmia for only a few months 
in Case 1 has caused carly nephrocalcinosis. We 


have therefore reviewed the contro! of therapy in . 


our paticnts to sce how nephrocalcinosis can be 
avoided. We think that therapy should be con- 
trolled by frequent measurements of the serum 
calcium level which should be kept below 10 mg./ 
160 ml. as far as possible. ‘Vhough a serum calcium 
level between 10 and 11 mg./100 ml. may not be 
toxic, by aiming for a lower level the serum calcium 
level is unlikely to rise above 1] 11g./100 ml. 
should overdosage with vitamin D occur. If 
hypercalcacinia docs occur, simple .ccssation of 
vitamin 1D therapy alone may be inadequate, and 
cortisone should be adininistered as this has been 
shown to cause a rapid reduction of the scrum 
calcium in vitamin D intoxication (Winberg and 
Zettersirin, 1956), In view of the lack of 
correlation between the urinary calcium excretion 
and the development of nephrocalcinosis, we do not 
think that control of thcrapy should be based on the 
urinary calcium exeretion. We think that neither 
complete radiological healing nor ‘biochemical 
cure’ should be the aim of treatment, and prefer 
to kecp the serum alkaline phosphatase between 20 
and 40 KA units. Despite these Criteria, it appears 
that growth may be i. che normal range with carly 
diagnosis and treatment. Nephrocalcinusis is in- 
Sidious in onset, and repeated renal biopsy is not 
Practical as a means of detection. However, 
measurement of glomncrular filtration rate every 
© months appears to be a practicable investigation, a 
falling glomerular filtration rate being an indication 
for a carcful review of renal function and therapy, 


' test. 


* of his department for 


Summary 


The danger of toxic effects of vitamin D therae., 
in children with vitamin D refractory rickets bs. 
been investigated by as:essing renal function . 
4 patients and renal histology in 3 of these Paticn:. 
who have been treated for many years with lar, 
doses of vitamin D and whose growth has he. 
within the normal range. All the Patients show,: 
impaired ammonia exerction during an acid hy: 
Other renal function tests were norms} p- 
3 patients, 2 of whom had a few calcium deposits ez 
the kidneys. One patient showed definite is. 
Pairment of renal function, ana renal biops 
revealed that half the glomeruli were sclerosed, an: 
that there were numcrous deposits of calcium ro 
the kidney. Control of therapy in this paticr: 
had been difficult, and 30% of monthly seru= 
calcium measurements were over 11 mg./100 mn: 
Thefe was no correlation between urinary calcius, 


excretion and’ renal damage. W'e conclude tha: 


‘biochemical cure’ and complete radiological healing 
should not be the aim of treatment in vitamin rf) 
refractory rickets, and that therapy should ty 
controlled by frequent estimations of the serum 
calcium which should be kept below 10 mg./100 mi. 
on ee. [100 ml 


The paticnts were initially under the care of Profesn 
©. . Wollf, and we wish to thank him for allow ing us 
to use the carly information. We wish to thank Dr. N 
Raine for advice with renal function tests, and the staf 
performing the biochemica: 
measurements, Dr. A. Hi. Cameron for reporting ce 
the renal biopsy specimens, Professor 1. V. Hubble for 
his encouragement, snd Dr. D. Fraser for allowing us te 
sce the manuscript of his paper before publication. 
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In Vitro Studies of Vitamin D-Induced Aortic.Calcification’ (34148) 


Rrupen Eisenstein, HELLEN ELLs, AND JACQUELINE Rosato 
Division of Pathology, Presbyterian-St, Luke's Hospital, Chicago, Minois 60612 


The arterial calcification induced by the 
administration of large deses of vitamin D 
has been known and studied for many years. 
In the course of these studies, a zreat deal of 
morphological, histochemical, and biochemi- 
cal data have accumulated which have been 
largely descriptive in nature (1-4). More re- 
cently, as new data have accumulated on the 
metabolism of Vitamin D and its mode of 
action, the manner in which this vitamin ex- 


- erts its cffects on osseous and calcium meta- 


bolism has been greatly clarified (5, 6). But 
with regard to the arterial calcification in- 
duced by hypervitaminosis D, two central 
problems remain. The first is whether the 
vitamin cr one of its metabolites exerts a 
direct effect on the artery or wh 

calcification is entirely a censequence of sec- 
ondary changes in the composition of the 


extracellular fluids. The second is what fac- - 


tors are responsible for the peculiar and pre- 
dictable distribution of arterial disease which 
hypervitaminosis D has in common with 
many other arteriopathies including human 
atherosclerosis (2). One approach to the 
study of this problem might be to assess the 
effects of sera of various compositions on ar- 
terial segments in vitro, isolated from general 
body metabolism. We here report the results 
of such a study which disctosed that the 


serum levels of calcium and vitamin D are 


both important determinants of the accumu- 
lation of calcium by such arterics and that 
the susceptibility of different arterial seg- 
ments to calcification in vitro paralleled their 
susceptibility in vivo to some extent. 

Materials and Methods. Two hundred g 
male Sprague-Dawley rats were used in all 
experiment: except those involving rachitic 
YSupported In part by geants fron the U. S. 
Vublic Health Service (IIE-06713) and the Ciho S, 
A. Sprague foundation, ‘ 
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animals, Sera were obtained by aortic punc- 
ture from animals lightly ancsthetized with 
ether. Hypervitaminosis D was produced by 
injecting 200,000 units of Vitamin D, intra- 
peritioneally three times weekly for 3 weeks. 
These rats, which were hypercalcemic and 
had extensive aortic calcification were the 
source of hypervitaminotic scrum. Rachitic 
rat serum was obtained from 75 g male rats 
maintained , for 3 weeks on Steenbock’s 
rachitogenic dict no. 2 (7). Control sera for 
these experiments were from pair-fed animals 
of comparable weight on a stock diet. Two 
types of experimental systems were used, The 
first was an organ culture method in which 
2-mm thick rings of thoracic aortas of rats 
were dissected free of surrounding comuective 
tissue and placed on strips of cellulose ace- 
tate surgical burn dressing overlying metal 
rafts in Falcon organ culture dishes contztn- 
ing 2.2 m of a nutrient medium consisting of 
40% rat serum and 60% NCTC 109 tissue 
culture medium supplemented with 1000 
units of penicillin and 1000 units of strepto- 
mycin/ml. The scrum was from normal rats 
or rats with hypervitaminosis D, The cultures 
were refed three times weckly and were 
maintained at 37° in an atmosphere of 95% 
O, and 5% CO,. After 1 weck in culture, 
some rings were fixed in formalin, embedded 
in paraffin, and sections were stained with 
hematoxylin and cosin or the von Kossa ree 
agent. Others were dried to constant weight 
at 104°, weighed, and ashed in sulfuric acid. 
Calcium was messured with an atomic ab- 
sorption spectrophotometer and phosphate by 
the method of Fiske and Subba Rew (8). 
Since it soon became apparent that simple 
incubation of arteries in serum yielded results 
essentially similar to those obtained with 
organ culture, the method of Martin ef al, 
(9) was used for most of the experiments. In 
this technique, segments of aortic arch, 
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AORTIC CALCIFICATION 
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thoracic sorta, or abdominal aorta were dis- 
sected free of surrounding connective tissue, 
weighed and placed in 0.2 ml of Scrum/mg of 
wet weight of tissue. The scrum contained 
1000 units of penicillin and 1000 units of 
streptomyon/ml. The tubes in which the ex- 
periment was done were gassed with 95% 
0:-5% COs>, capped, and ipcubated at 37°. 
After the fest period was complete the ar- 
terices were removed and chemical and histol- 
ogical studies were done in a manner identi- 
cal to that used for the organ cultures. 

Results. Organ cultures. With this techni- 
que the aortas appeared to be histologically 
viable, although small areas of focal necrosis 
were found even in contro) specimens, partic- 
ularly at the sites of intercostal artery origin. 
Calcification was uncommon in control spe- 
cimens cultured in medium supplemented 
with normal rat serum. In specimens cultured 
in medium supplemenied with the serum of 
rats with hypervitaminosis D, calcification 
was uniformly much more extensive than in 
controls and occurred mostly in elastic tissue 
fibers and ater in adjacent smooth muscle 
cells which were necisiic. alcification was 
not observed in viaisle arcas of the explant. 
There was no significant proliferative cellular 
response to these calcified areas which were 
largely in the media, often near the adventiti- 
al surface, and particularly advanced at sites 
of branching of intercostal arteries. This lo- 
calization was perhaps related to the injury 
productd by the trauma.of dissecting the 
surrounding periadventitial connective tissue 
during preparation. In keeping with the his- 
tolugical observations, chemical measurement 
showed that there was much more calcium 
in cultures maintained in medium containing 
Scrum from rats with hypervitaminosis D 
than in contro} cultures (Fig..1). 

Serum incubations, Yn these preparations 
histological study indicated that by the sec- 
ond day of incubation, necrosis had begun 
and after 72 hr was virtually complete. When 
a timed study of calcium accumul:tion was 
done, the greatest increment of calcium ace 
cumulation occurred between 48 and 72 hr 
after incubation was begun if normal rat 
Scrum was used. In keeping with the observa- 
tions of Martin ef al. (9), calcifu.ition was 
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CALCIUM UPTAKE BY THORACIC AORTA 
IN ORGAN CULTURE 
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Mg Ca/mg TISSUE (Dry wt.) 


'23456789 WwW 
e DAYS IN CULTURE 
Fic. 1. arterics maintained in organ culture Jn 
medium supplemented with serum from rats with 
hypervitaminosis D accumulate more calclum than 
those maintained in medium supplemented with nor- 
mal rat scrum. - 


virtual.y restricted to clastic tissue Jamellae 
when the vessels were studied histologically. 
Arteries incubated in serum from rachitie 
rats accumulated less calcium and phosphate 
than those incubated in control sera. Table I 
shows the results of this experiment, Except 
for experiments using rachitic serum, the re- 
sults depicted in each Tables I-JV were 
reproduced in three repeated experiments. 
The PO, values varied similarly to those of 


calcium. When scrum from normal rats and 


those with hypervitaminosis D were com- 
pared, it was found that if incubation was 
performed in serum from hypervitaminotie 
rats there was greater accumulation of both 
calcium and phosphate than with control 
serum (Table JI). 


TABLE Le 


Scrum No. of samples Mean® 8De 


0.0019 0.00037 
0.0065 0.0028 


*Thoracle norius of normal rats were Sneubsted 
in xeruin for 72 houra, They accumulated wore cal- 
cium from normal than from rachitle serum, 

* (ang of Ca/ing of dry wt). 

* Standard deviation, 


Rachitie 4 
Normal 4 
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TABLE IL* 
2 Ee ce 
No. of : : 
Meon® 8bD* 


Serun samples 


0.0017 
0.0073 


0.0031 
6.0018 


Normal 6 
Hypervitaminosis D 6 


“If thoracic aortas of normal rats were incubated 


‘for 72 hr in wcrum from normal rats or rats with 


hypervitaminosis D, they accumulated more ealeinm 
from hypervitaminotie serum, 

® (ing of Ca/mg of dry wt). 

* Standard devjation, 


When large amounts of Vitamin Dy (50 or 
100 units/ml] of serum dissolved in 0.01 ml of 
EtOH) were added to the serum and these 
sera compared with serum containing an 
equal weight of cholesterol dissolved in a 
similar amount of alcohol, no difference in 
the amount of calcium accumuiated by cither 
thoracic aorta or aortic arch was demonstra- 
ble. In agreement with the data of Martin ct 
al. (9), addition of sufficicnt CaCl» to raise 
the level of scrum calcium by 5 mg/100 mi 
also did not increase the amount of calcium 
accumulation. However, when both vitamin 
D and calcium were added to the serum in 
these amounts and comparisons n:ade with 
serum containing cquivalent amounts of 
cholesterol and NaCl, arteries incubated in 
the seruin with added Vitamin D and calcium 
accumulated more calcium and phosphate 
than those incubated jn control sera (Table 
INI). Here, measurements were made bo}h 48 
and 72 hr after incubation. was begun and. 


the differences were present at both time In- 
tervals. 

In experiments in which different segments 
of the aorta were compared, it was found 
that when segments of aortic arch, thoracic 
aorta or abdominal aorta were incubated in 
cither normal serum or scrum from rats with 
hypervitaminosis D and calcium measured in 
the arteries after 72 hr of incubation, aortic 
arch accumulated the most calcium, thoracic 
aorta slightly but not significantly less, ab- 
dominal aorta the least (Table TV). Calcium 
was measured jn one set of arterics before 
incubation and no differences in calcium con- 
tent of the three segments were found. Since 
histological studies indicated that calcifica- 
tion was virtually restricted to elastic tissue 
in these preparations, the amount of clastic 
lissue was measured in these portions of the 
aorta, This was done by the method of Hass 
(10) which uses warm 88% formic acid to 
digest the tissue elements which are not clas- 
tic. The isolated clastic tissue was then 
blotted dry, weighed, and the value was ex- 
pressed as a percentage of the wet we ht of 
the tissue. Table IV shows that the amount 
of clastic tissue in these three aortic segments 
paralleled the calcium accumulation in this 
incubation system. 

Discussion. Superficially, at least, these 
data appear to provide clear-cut evidence 
that the composition of the serum‘is of pri- 
mary importance in the pathogenesis of the 
arterial calcification induced by hypervitami- 
nosis D and that both the hypercalcemia 


TABLE IIL, ¢ 


A A nner 


48 he - 


No. of 
samples 


Mean*® 


: 72 he 


No. of 


&n° samples = - Mean? 8D¢ 


———— eee enon eyesore enane-ttrnyeesneste 


Ser im + NuCl + chotesterol 
+ Ca + chole terol 
+ Vit. D + NoCl 
+ Ca + Vit. D 6 


0.0014 
0.0013 
0.6007 
6.0048 


6.0018 
0.0023 
0.0023 
0.0042 


0.0007 
0.0005 
0.001 

0.0007 


0,002 

0.0016 

0.0005 

0.0005 6 


* As described in the text, addition of Vitamin D or exleium alone to serum did not: tnflucnes 
the accumulation of calcium hy thoracke surtas when Incubated In such serum, If both entlelum 
nnd Vitamin D were added, the aortas hound more enleium after either 48 or 72 hr of incubation, 


® (mg of Ca/my of dry wt), 
* Standard deviation, 


BOF gt 48 pet pw oe ° corer wsipss 


a aad 
Ae 


{ 
' 
H 
{ 
| 


+ 


Vikan ad it SM Ames lente eect a fee: 


PLA LOLOL LL A OTE TOT AD Ne ey 


oa, 


Be heme a. we wee ee ee 


AORTIC CALCIFICATION 


TANI 1Ve 


Calcium necumulation 


Seyamenut No.of samples = Menn® 


Elastica (%) 


sp* No.of amples Mean® 8D’ 
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0.005 
0.006 
0.002 


Arch 8 
Thoracic & 
Albsominal ace 


0.0004 & 
0.0002 . & 
0.0005 5 


70.6 G4 
624 7.4 
238 6.6 


*The amount of ealeinm necumulation by different arterial segments parallels the amount of 


elastin they contain, 
® (mg of Ca/mg of dry wt). 
* Ktandard deviation. . 


induced by Vitamin D and a direct -local 


action of the vitamin itself are synergistic in: 


contributing to the development of the lesion. 
There are, however, severa) qualifying 
points which detract from the strength of the 
data prescnied here. The first is the nature of 
the experimenta) svstem used. In it, whether 
simple serum incubation or an organ culture 
system was used, calcification was virtually 
restricted to areas of necrosis and even here 
was found restricted to elastic tissue fibers. 
In addition, even in the organ cultures, the 
distribution of calcification was primarily in 
the decp media in contrast to what is seen in 
vivo, where calcification usually begins in the 
inner clastic Jammelae in major arteries (2). 
Even in vivo, hawever, calcification of viable 
smooth muscle cells is an uncommon event in 
the arterics which calcify under the influ- 
cence of Vitamin D and elastic fibers are the 
first elective site of calcification (3). The 
differences in the mural pattern of calcifica- 
lion in vivo and in vitro are peshaps related 
to hemodynamic factors. Since the rat aorta 


contains no vasa vasora (13), its nutrition is ° 


derived from tie luminal surface in an intact 
animal. Jn our systems, there was no flow or 
pressure and the nutrition of the tissue was 
by diffusion from all its surfaces. The adven- 
litial trauma produced during dissection may 
also have contributed to the Jocalization of 
the discase. 

The observation that serum from hypervi- 
taminotic animals or normal scra_ enriched 
With both vitamin D and calcium induced 
increased accumulation by the arterics as car- 
ly as 48 hr after incubation was begun sug- 


rests that this was a true metabolic effect 


rather than something more nonspecific be- 
cause necrosis was not yet advanced at this 
time. 

The dosages of vitamin D added to the 
serum. in these experiments was massive, and 
it might be argued that they are too far 
beyond the physiological range to be mean- 
ingiul. However, this study was not designed 
to investigate the normal action of vitamin D 
but its toxic effects. Jt is more pertinent to 
point out that it has now been established 
that Vitamin D is normally converted in the 
bady to 25-hydrocholccalcifero),: a com- 
pound’ which has now been isolated and 
shown to be much more metabolically active 
than vitamin D itself in vivo (5) as well as 
in studies of organ cultures of bones (6). If 
it were used in a system such as this one, it 
might be possible to demonstrate an effect on 
arterics in Jower dosage, and perhaps even 
without the addition of excess calcium to the 
serum. 

in vitro, the artcries exhibited much the 
same sequence of calcification as they do in 
vivo, where calcification begins in the aortic 
arch and then spreads centrifugally (2). As 
expected, since the calcification was localized 
in the clastic tissue, the amount of elastic 
lissue in the artery paralleled the amount of 
calcium accumulation. The segmental dis- 
tribution of many arterial diseases has often 
been considcred to be related to loca) he- 
modynamic differences (11). These data, as 
do some others in the literature in studics of ° 
other artcria) diseases (11) suggest that part 
of the hemodynamic effects on the distribu. - 
tion of arterial diseases are not primary, but 
are related to the morphological modifications 
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. Which pressure; flow, or turbulence induce in 


arteries both during embryonic development 


-and in the adult. For example, elastic tissue 


develops most entensively in areas of pulsa- 
tile flow, and there is experimental dala indi- 
cating that pulsatile Now through tubes in- 
Serted under rat skins can induce alignment 
of proliferated connective tissue elements into 
an organized structure having some of the 
morphological organization of an artery (12). 

Summary, Artegial segments incubated in 
a culture system containing serum from rats 
with hypervitaminosis D accumulate more 
calcium than segments incubated in a system 
containing normal rat scrum. If such arterial 
Segments are incubated in serum, they ac- 
cumulate more calcium from normal serum 
than rachitic serum and more from serum 
from rats with hypervitaminosis than from 


normal scrum. Addition of either vitamin D 


or calcium alone to normal serum does not 


result in excess calcium accumulation by ar-: 


teries incubated in such serum, but addition 
of both docs. Different aortic. seuments ac- 
cumulate different amounts of calcium, ap- 
parently in relation to the proportion of clastic 
tissue in the segments. 
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INCONVENIENTS DE LA METHOD: 


Elle ne souffre pas Ja médiocrité, car le m«<i non peut 
€tre marqué facilement : phlycttne, hématome, dcsunion: 
si Je moulage ne maintient PAs un contact éir it entre Je 
_Plitre et la peau. Elle nécessite une constante <-rveillance. 
Si le platre serre trop, il faut pouvoir Je refaire inimédia- 
tement. De méme si au contraire, il devient trop liche, 
car un Contact étroit et permanent entre Ja peau ct fe pld- 
tre est nécessaire pour éviter un ecdéme ct tout hématome. 

Nous changeons nos platres dés qu'ils deviennent liches, 
et systématiquement au huititme jour. Le troisitme plitre 
sera fait au quinzitme ou dix-septitme jour, ct l'on pourra 
alors retirer les fils cutanés. Ce platre conduira souvent 
jusqu’a Vapparcillage définitif. : 


Cette méthode nécessite une parfaite collaboration entre 
le chirurgien, les rééducateurs, Jes infirmigres ct le pro. 
thesiste, : 

Nous avons utilisé ectte méthode pour 18 malades: 

— dans 8 cas, pour des amputations de cuisse pour 
tuncurs ou Iésions septiques sous-jacentes ¢ 

— dans les 10 autres cas, il s‘agissait d’amputation de 
jambe 5 2 cas étaient ees enfants qui venaient d'ttre ampwue 
té> ailleurs, pour Iésions traumatiques, 

Cette méthode simple avec possibilité de réglage ulté 
ticur nous a permis de garder ccs amputds que trés peu de 
temps et de les apparciller et rééduquer vite. Elle n'est pas 
sans risque, car les moulages devront n'entrainer aucune 
Icsion sous jacente ce qui serait préjudiciable pour l’appa- 
reillage définitif. 


DOSES ET REACTIONS THERAPEUTIQUEFS INHABITUELLES 


LES PRESCRIPTIONS ABUSIVES DE VITAMINE D peuvent 
aboulir & une Intoxication caractérisée par des troubles digestifs : 
anorexie, nausécs, vomissements, constipation, soif vive, par des 


troubles nerveux: tristesse, irritabilité, et par une alteinte de: 
Yétat général avce amaigrissement. Lihypercaleemie, dépassant - 


125 ing/l, Vhypcrazot¢mie, avec ou sans acidose hyperchloré- 
mique, Ja protéinurie avee hypercalciurie et eylindrurie for- 
ment le syndrome biologique. Des Iésions rénales ou cércbrales 
irréversibles peuvent conduire a la mort, mais on obtient d’halyi- 
tude Is gudrison avce 3 suppression feYapport vitaninég, ua 
régime pauvre en calclun ct une corticothérapic. La prescrip. 
tion abusive de vitamine D n'est pas toujours le fait du méde- 
cin traitant, mais de la mére qui force les doses en pensant 
donner un « fortifiant », ou de plusieurs médecins, consultés 
suceessivement ct qui ne se sont pas enquis des ordonnances 
antéricures. Les contre-indications de Ja vitamine D sont pew 
nombreuses. Elles sont représentécs par Jes exceptionnelles 
affections avee hyperealeénie, par Yimmobilisation des enfants 
paralysés ou suivant une cure orthopédique, chez qui on peut 
observer un syndrome de déminéralisation avec hypercaleémie 
eh hypercalciurie. Chez les enfants attcints de Vexceptionnel 
rachitisme vitamino-résistant, on pcut enfin passer facilement 
une posologie fnsuffisante & une posologie toxique (A. Hex. 
.NeQver, Concours méd., 1969, 91, n® 45, 8158-8167), Rappe- 
Jons qu’une pasvlogie de 400 4 800 unités par jour, ami. 
nistrée sous forme de gouttes, est trés souhaitable jusqn’d la 
fin du troisitme mois de Ja vic. An-dela, on peut prescrire 
tous Jes quatre & six mois une dose unique de deux milli. 
Hramines pour dvs raisons de facilité. Jusqu’h douze ou dix-huit 
mois, Jes prescriptions de vitamine D doivent figurer systématt- 
quement sur Je dossier médical de l'enfant 


THROMBOSES ET CATHETERS INTRAVEINEUX, — Des 
thramboses se sont formées chez 7 sujets sur 7 qul avaicnt 
eu des catheters intraveineux Jaissés en place cnire cinq et 
vingt-trois jours, Cette complication fut observee quels qu'aient 
te Vaffoction, le vaisseau ou Je type de cathéter en cause 
et Vadjonction d'une thérapeutique naticoagulante ne servit 
& rien. Host hmportant de connaitre ce fait et, tout en 
reconnatssant Ta nécessité fréquente d'introduire un catheter, 
f} faut connaitre le danger thrombatique de cette technique 
(HB. Jaconson’ et 1D. Scnvosswan  Madivology, Avtit 1969, 93, 
n° 2, p. 355), On connalt aussd les dangers infecticix 


qu’entra’nent souvent un cathéter Jaissé en place plus da 
cing jours, la nécessité d’ensemencer tout catheter suspect of 
Vinterdiction de poser, sauf nécessité absoluc, un cathctce aux 
membres inféricurs, 


COMPL.CATIONS RETARDEES D’APLASIE APRES CHLORAM. 
PHENICOL, — On sait que lanémie aplastique développée 
apres ect antiblotiqne peut guérir parfols, grice & un traites 
ment correct. A.J. Seaman rapporte deux complications sure 
venues ultéricurement. Sa premic¢re malade, une fillette de 
8 ans, avait regu du chloramphenicol on Aodt 196) pour une 
affection des voies iespiratoires. Elle avait déjk Mté tratiée, 
sans complications, par ect antibloiigue. <x mols auparavant, 
Au cours du deuxitme traitement, apparut une urticaire ce 
qui mit fin & Ja thérapeutique, mais n’emptcha pas Ja survenue 
dune anémie aplastique. Celle-el gucrit mais, en 1962, on 
nota 5 episodes Uhéimoglobinurie contemporains d'infeetions 


. respiratoires. La scconde malade, agée de 14 ans, recut, en 


1959, 1 g¢ de chloramphénicol par jour pendant quatre fours 
et demf a Foceasion d'une Iymphangite. On ne pul découvele 
si elle avait déja pris cet antibfotique mals, en 1961, cle cut 
une ancmie aplastique qui fut rattachée au chloramphenicol. 
Apres une gucrison apparente, la malade devait mourie de 
leucémie aigué myclo-monoeytatre en 1963. Bien que ecs 
exemples ne soient pas absolument démonstratifs de la toxtcité 
du chloramphénicol, on en déduisit que’ ecs complications 
ferent Ja rancon de mutations somatiques secondlaires & 
Vintense activité mitotique développée pour sepceupice les 
déserts nédullaires (Northwest medical, Septembre 1969, 69, 
p. 831). 


CONSEQUENCES PENALES DE LA THALIDOMIDE, Une firme 
suédoise qui avait produit ce medicament a été condamnée & 
verser une iademnité annuelle, denviron 14-4600 dollars, ot révie 
sable avee index du cunt de la vie, aux parents de cent enfants 
suédois et dangis devenus infirmes, Toutefois, le directeur de 
la firine, qui avait acecpté ce fugement pour facilites te régle- 
ment de cette affaireet obtenie labandon des poursuites judi- 
claircs, fait observer qu'il ne s'agit pas de blimer Ja Texponta. 
bilité dun Jaboratoice on d'une personne priwe cur ccs acele 
dente Gtaient dus seulement. awe imperfections actuctles de la 
science (Drug Trade News, 20 Octubre 1969), 
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Hypervitaminosis:D, anacmia and renal failure 
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A 53-year-old English lady was referred in January 
1967 because of reduction in renal function. The 
only symptom disclosed was an invariable nociieria 
and daytime frequency of micturition every 2to * hr 
during the previous year. The past history included 
an 18 month history of variable anacmia of 7-10 
£/100 ml (Table 1), unexplained by baricm nicals, 
Castroscopy and Japarotomy. Study of the bone 
marrow in June 1966 showed normal cellularity, 
crythropoicsis was normoblastic with normal hacmo- 
globinization; 105% of the white ccll precursors were 


developing casinophils. There had been no sustained 
response {fo iron, vitamin B,, or folic acid. 


On examination: no abnormality; BP 130/80; 


height 5 ft 4 in (160 cm); weight 47 kg. 


Random and early morning urines were normal 
save for a spccific gravity not excecding 1010, 
Haemoglobin 8-8 ¢/100 mls red blood count 3+} 
m/mm?; MCHC 30%; MCII 28-7 7-Yo; MCV 
96'7 cu w; reticulocytes 3-5%; serum iron 10S y/100 
ml; total iron binding capacity 270 vg/100 mi; white 
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blood count 8000/mm*® with an eosinophilia of 
850/mm*. Plasma creatinine 1-1 mg/100 ml and 
24-hr creatinine clearance was 61 ml/min. Two 
weeks after the initial haematological measurements 
the cosinophilia was absent and the hacmoglobin 


had riscn to 9-4 g/100 mi with 0:8% reticulocytes. 
IVP: no anatomical abnormality of the rena} tract. 
A percutancous renal biopsy was performed: 
histology was compatible with either a focal and 
local glomcruloncphritis with moderately severe 
nephron loss, or an interstitial nephritis with focal 
glomerular changes. Although positive scrological 
evidence was absent, the combination of anacmia 
with reticulocytosis, transient eosinophilia and focal 
glomerular changes was suggestive of a systctnic 
sensitivity phenomenon. On this basis prednisolone 
* 20 ing/day was started. 

Investigations were repeated after two months of 
corticosteroid therapy. The patient felt unwell, had 


headaches and anorexia. The hacmoglobin was un- © 


changed, the plasma creatinine had risen to 2°4 me/ 
100 ml and creatinine clearance fallen to 27 ml/min. 
- Ampicillin (1 g/day) was added to the regimen on 
the basis that the rena! interstitial changes might 
represent a chronic intrarenal infection. There was 
initially a short-lived improvement in well-being, 
but no change in renal function. Plasma calcium 
was 14-5 mg/100 iml, inorganic phosphate 3-6 meg/ 
100 ml with a. total protein of 6-7 2/100 mi. Scrum 
alkaline phosphatase 5:2 KA units/100 ml. Urinary 
calcium 325 mg/day. (An ‘average’ dict was taken.) 

The paticnt was re-admitted in mid-May of the 
same ycar for metabolic study. Renal function re- 
mained modcrately severely impaired, plasma cal- 
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cium was 12:8 mg/100 ml with a 24-hr urinary cal- 
cium excretion of 450-500 mg. Eventually the addi- 
tional history was obtained that for the prevous 
7-8 ycars the patient had been regularly taking 

[rene i.u. of vitamin 1D daily, initially prescribed 
for finger nail splitting. From 31 May 1967, vitamin 
D was withdrawn and the prednisolone tapered off. 

From being moderately unwell, the patient over a 
period of 2-3 wecks detcriorated markedly develop- 
ing an agitated depression, requiring psychiatric 
advice as an in patient. Physical examination was 
negative, but as the plasma calcium at the time had 
fallen to 11-0 mg/100 ml, it was postulated that the 
symptoms were related to the changing plasma 
calcium. Accordingly 90 g of calcium gluconate were 
given intravenously. There was no change in cone 
dition. The aepression yiclded to trimipramine 
(Surmontil) over 1 month, during which the calcium 
fell to normal levels. Good health returned and was 
maintained after withdrawal of the antidepressant, 
The haemoglobin is now 13-6 g/100 ml, plasma 
creatinine 0-8 nyg/100 ml, and creatinine clearance 8$ 
mJ/min (May 1970). 


Discussion 

The chart demonstrates the biochemical and 
hacmatological improvement following withdrawal 
of vitamin D. During the hypercalcaemia and hyper- 
calcuria the skeleton was radiologically normal. 
Densitomctry micasurements by Dr F. Doyle of 
Hammersmith Hospital of t re distal 8 cm of the left 
and right ulna bones were 434 mg/cm?® and 402 me/ 
cm? respectively. These figures are close to the nore 
mal! mean for age (Doyle, 1961). There was theree 
fore no evidence of bone sclerosis, and the ratio of 
trabecular to cortical bone was normal. Absence of 
sclerotic or other bone changes after 7-8 years of 
vitamin D consumption is surprising. 3 

In some patients being investigated for renal. 
disease the presence of calcium in needle biopsy 
tissue of the kidneys has Ied to the diagnosis of a 
parathyroid adenoma (Evans & Zutshi, 1962; 
Jockes, 1963). In reviewing the tissue we obtained 
from this patient, which included twenty-two 
glomeruli and $ em strips of r odulla, we were im- 
pressed by the absence of any calcium deposits, 

The severe renal functional impairment, to ap- 
proximately one quarter of normal, recovered follow. 
ing withdrawal of the vitamin D and return of the 
plasma calcium to normal. The glomerular and 
interstitial changes must presumably be interpreted 
as causcd by ciiher the hypercaleacmia or sone other 
effect of hypervitaminosis D. 

The anacmia is of particular interest. With both 
acute and chronic renal failure a marked diminution 
in red cell mass occurs with shortening of the red 
cell survival me. Acute rcnoprival ansenia 
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develops rapidly from the time of nephrectomy and 
docs not appeur to be related to the severity of the 
metabolic disturbance consequent upon the renal 
failure. Inchronic renal failure, aclinically significant 
anacmia docs not usually develop until the blood 
urca is persistently above 100 mg/ml or the creatinine 
clearancé has fallen to less than 25 ml/min (Pryor & 
Jockes, 1969) although there is no dircet relation- 
ship between the degree of nitrogen retention and 
the anaemia (Stewart, 1967). In the present case the 
scrial blood urcas (Table 3) demonstrate that the 


Tavie ts. Female aged $3 years 


Date Hacmoglobin Blood usea 


(g/100 ml) (nvg/100 ml). 
cerca sarees saneaeeennomerinerenrnneatensmeaninnairitetanatctsatnssteiamats 
Jan 1964 
Aug 1965 
May 1966 
Sept 1966 
Oct 1966 
Jan 1967 
May 1967 i 94° 
Oct 1967 $9 
June 1968 43 


anacmia is not dependent on the scverity of the 
metabolic disturbance duc to the renal invelvement. 
Mt must be postulated that hypervitaminosis D is a 
direct or indirect cause of the anaemia, possibly 
acting by interfering with the renal production of 
some substance aficcting erythropoicsis or red cell 
survival. Kegiettably no observations were made of 
the red cell mass or red cell survival time. There is no 
evidence from patients with primary hyperpara- 
thyroidism that hypercalcacmia per se Ieads to an 
anacmia. We are unable to accept the view of Davies 
(1960) that with vitamin D poisoning ‘an anacniia 
invariably occurs and is associated with the uracmia’. 
Scharfman & Propp (1956) described four cases in 
which vitamin D intoxication presented with a 
normochromic, normocytic anacni‘a. One of these 
patients, whilst anaemic, had normal renal fugction 
and the anacmia resolved on withdrawal of the, 
vitamin. The fact that vitamin D causes an anacmia 
directly or indirectly in the presence of normal renal 
function is not demonstrated in the papers of vitamin 
D poisoning (Kaufman, Beck & Wiseman, 1947; 
Howard & Mcyer, 1948). 
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It should be emphasized that the recovery of the 
hacmoglobin concentration in our paticnt, followed 
withdrawal of the vitamin and occurred without any 
haematinics. 
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Vitamin D intoxication may present as a ncuro- . 


psychiatric problem (Lehrer & Levitt, 1960) or 
mental depression may complicate a pre-existing 
hypercalcacmia (Chaplin, Clark & Ropes, 1951) on 
withdrawal of the vitamin the mental abnormality 
usually resolves (Anderson, Cooper & Naylor, 1968). 
In our patient there was no mental il! health until 
the vitamin was stopped and this was short lived. 
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Pastis detrimental effect of large closes of 


vitamin D in fam 


familial bypophosphatemic 


vitainin D-resistant rickets 
CALIL LA-¥ CSI SEC 


Observations in presumably monozygotic twins with familial hy pophosphatemie 
vitamin D-resistant rickets (FHVDRR) have shown that continued vitamin D 
therapy in one of the twins was associated with occurrence of pseudofractures and 
histologic evidence of active rickets; her untreated sister did not develop any 


Pseudofractures, had a less severe defect histologically 


in bone mineralization, and 


had no evidence of an abne ‘mally increased amount of osteoid. 11 is suggested that 
the efficacy of treatment of FAVDRR with high doses of vitamin D should be 


reinvestigated. 


Gunnar B. Stickler, M.D., Jenifer Jowsey, D.Phil., and 
Anthony J. Bianco, Jr. -M.D, 


ROCHESTER, MINN. 


Evipence has been presented! that vita- 
min J) in large doses fails to.influence ‘the 
course of familial hypophosphatemie vitamin 
D-resistant rickets (FHVDRR), as far as 
growth, degree of bowing of extremitics, or 
hypophosphatemia is concerned. On the basis 
of this observation we were encouraged to 
discontinue vitamin D therapy in one of a 
pair of presumably monozygotic twins with 
FHVDRRY the twin sister continued to tuke 
this mediration. 


This rmport shows that continuation of - 


therapy in the one twin not only failed to 
show any benefit but was associated with the 
eerie came ne reales —_--—-— Seeded cheba iw tier amet 
occurrence of pscudofractures and histologic 
chang es_of continued rac hitic activity} these 
phenomena were not observed in the twin 
Whose treatment had been discontinued. 


From the Mayo Clinie and Mayo Foundation, 
Departments of Pediatrics and Osthopedics. 
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CASE REPORTS 


‘These twin girls were alike in appearance ‘and 
their clinical courses were identical (Fig. 1). Our 
assumptionsthat they were monozygotic twins was 
further supported by identical blood groups (13 
subgroups). Their mother, 3 brothers, and 2 
sisters have FHVDRR. The diagnosis of FHV- 
DRR was made when the twins were 4 years 
of age. At that time they had bowing of their 
legs, rocntgenologic evidence of rickets, and 
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hypophosphatemia. Vitamin D therapy was 
started at a dosage of 350,000 1.U. per week 
and was gradually increased over an 21 year 
period to 800,000 1.U. per week (Fig. 1). There 
were no episodes of clinically recognized vitamin 
D intoxication, 

These twins had been the subjects of a previ- 
ous study? of the effect of an increased oral ine 
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Fig. 1. Clinical courses of twins. Alkaline phosphatase is expressed in International units per 
liter (7 International units equal approximately 1 King-Armstrong unit). The dose of 
vitamin D is expressed in 100,000 1.U. per week; for instance, at 13 ycars the twins received 


600,000 1.U. per week. 


Fig. 2 Roentgenograms of femurs. A and C, Before vitamin D was discontinued. B and D, At 


follow-up 13 months later. A and B, Twin 2. C and D, Twin }. 


‘take of calcium and Phosphorus without high 


doses of vitamin D; the same metabolic variables 
Were measured in that study and in the present 
one and were alimost identical, 

When the twins were 1534 years of age, vits - 
min J) therapy was stopped for Twin 2 and 


continued for Twin 1 at a weekly dosage of 
800,000 I.LU. When Twin 1 was 1656 years of 
age, her vitamin D therapy was also stopped in 
Preparation for corrective Ostcotomy. The twins 
were re-evaluated at age 17 years, just prior to 
the orthopedic procedure. The twins have had 
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Fig. 3. Twin 2 (treatment stopped). A, Mineralized bone section from trabecular area stained 
by the Paragon method. (*35.) B, Microradiograph of inineralized section. (x30.) The bone 
surfaces are fully smincralized as demonstrated by lack of staining in the section itself and the 
relatively white, dense appearance in the microradiograph. Incomplete mineralization around 
some ostcocytes, which appear blurred, indicates a previous episode of rickets. 


no further therapy following corrective surgery 
and had not expcrienced any new syinptoms 
when scen 1 year later. 


RESULTS 


No differences were observed between the 
twins in regard to subjective symptoms, 
height, or scrum calcium, phosphorus, and 


‘ alkaline phosphatase valucs, cither during 


vitamin D therapy or after this therapy was 
discontinued in Twin 2. 
Roentgenograms at age 15% years showed 


"no psendofractures in cither twin. However, 


with continuation of high doses of vitamin 
D in Twin 1, pscudofractures of the femur 
were noted first at age 161% years and again 
at age 17 years (Fig. 2). Twin 2 did not 
have pscudofractures. 


Because of the marked femoral bowing, 


segmental femoral ostcotomics were per- 
formed in both twins at the age of 17 years, 
and biopsy specimens of bone were obtained. 
In Twin 2 (treatment stopped) there was 
clear evidence of areas of low mineral den- 
sity around the osteocytes, indicating a his- 
tory of rickets (Fig. 3), but there was no 
abnormal amount or thickness of osteoid ts- 
suc, suggesting that active richcts was not 


present at the time of biopsy. “This was in 
contrast to the findings in Twin 1, who was 
receiving vitamin D therapy; both the cald- 
ficd sections and the microradiographs dem- 
onstrated clezr evidence of an extensive long- 
term failure of calcification (Fig. 4). There 
were areas of low mineral density around 
osteocytes, lack of calcification of the cement 
lines, and broad osteoid borders, ‘There ap- 
peared to have,been some periods of improve- 
ment in the past, as indicated by the appear- 
ance of normal bone. covered by abnormal 
tissue. 


COMMENT 

We considered the possibility that the find- 
ing of roentgenologic and histologic evidence 
of rickets only in the twin whose therapy 
had been continued was an error duc to 
mislabeling of specimen and rocntgenograms. 
However, the mislabeling would have had to 
have occuricd on 3 scparate occasions (2 
rocnigenologic examinations and the biopsy) 
and is therefore not likely. The fact that 
the previous courses of the 2 girls had been 
alinost identical makes the assumption of a 
variation in the natural course of the dis- 
case unlikely. One is left with the possibility 
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Fig. 45 Twin 1 (treatment continued). A, Mineralized bone scetion from trabecular area 
stained Ly the Paragon incthod. («35.) B, Microtadiograph” of mineralized section. (*45.) 
Dark-staining borders on surfaces of trabeculae in the section and fuzzy appearance in the 
microradiograph indicate unmincralized and partially mineralized bone. Such an appearance 
indicates active rickets. 
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Lonard benter therapy for resistant rickets 


Tirk OBSERVATION of Stickler and as- 
sociates, recorded elsewhere in this issue, that 
administration of vitamin D in high dosage 
to a paticnt with resistant rickets was as- 
sociated with the continuing presence or wor- 
sening of the rachitic lesion has not been pov: 
alleled in the experience of others. The au: 
thors observed that one of a pair of identical 
twins given £00,000 1.U. of vitamin D 
weelly developed pscudofractures and had 
histologic evidence of rickets in a bone biopsy 
while the other twin, reeciving no vitamin D, 
had no evidence of these changes. As the 
authors state, such 2 paradoxical effect docs 
nothing to increase one’s esteem for vitamin 
D as the sole agent for the treatment of this 
Giscase. Obviuualy the usual oTci of siarain 
D is to increase bone density and prevent 
further deformity, but all who manage pa- 
tients with this discase are aware of the 
hazards of its use and the limitations of its 
value in treatinent. 

Fortunately, 2 recent developments may 
go far to case the way of the rickets therapist 
and to improve the outlook for these pa- 
tients. About 15 ycars ago Fraser and.as- 
sociates’* demonstrated that constant infu- 
sion of phosphate would heal cither resistant 
or deprivational rickets without recourse to 
therapy with vitamin D. This observation 
was of rreat interest but had little practical 
value J til it was shown?*? the. adiministra- 
tion of a phosphate supplement orally would 
allow healing of rickets when vitainin D was 
Riven concurrently in doses in the range of 
25,000 to 75,000 IU. daily, a range which 
rarely scsults in intoxication. In 2 of the 
studies, * the effect of the oral phosphate 
has been dramatic in healing long-standing, 
severe rickets and osteomalacia. Continuing 
the yerimen of phosphate and vitamin 1D 


after the rickets have healed has been suc- 
cessful in preventing recurrences.? ‘The result 
is much smoother management. of the pa- 
tient; ananagement with vitamin 1) alone 
frequently required such Jarge doses that in- 
toxication occurred with healing of the rie- 
kets and, as the dose wae reduced, the rickets 
was reactivated with the risk of producing 
Aurther deformity. These 2 extremes can 
now be avoided. Long-term use of the comn- 
bined plosphate-vitanin D regimen in our 
clinic has resulted iy virtual disuppearunce 
of rachitic deformity in one patient who had 
very severe rickets as a small child, In ad- 


_ See related article, p. 68. 


dition, recent observations <f cur patients 
treated over long periods of tine (as yet un- 
published*) indicate that in some, accclera- 
tion of growth may be produced by combined 
therapy, providing « dose of vitamin D is 
given which is somewhat greater than that 
needed ‘o heal or rnaintain the healing of 
the rachitic lesions. ‘The main disadvantage 
of the phosphate therapy is the frequency 
with which doses of the medication must be 
given, The optimal regimen is probably a 
dose 6 times daily but one often has to settle 
for 4 or 5 doses daily. No toxic side effects 
have been noted except for mild-to-:noderate 
diarrhea appearing in the first few days after 
the therapy is started and disappearing de- 
spite continuing the régimen. 

The second development which may reve 
olutionize therapy is a much more recent 
one and not as yct fully evaluated, It has 
been found by Blount and associ:tes’ that 
the active inctabolite of vitamin )) is 25- 
hydroxycholecalciferol (25-HCC). In some 
if not all patients with vitamin J)-resistant 
rickets, this metabolite is formed only in 
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limited quantities or not at all when vitamin 
Ds; is given.* Whereas it has been reported” 
that administration of this imctabolite over 
periods of one month has no effect on cal- 
cium or phosphate balance in patients with 
D resistance, others® ** have reported that it 
Joes influence calcium metabolism and is ef- 
fective in producing healing of the lesions. 
These reports® ?° jndicate that its duration of 
action is short as compared to that of vita- 
min Ds. Discontinuing administration of the 
agent causes rapid reversion to a negative 
calcium balance and thus a therapeutic regi- 


men employing the agent should be subject’ 
ploying S J 


to rapid, fine adjustments as eompared to the 
slow resjonse to changes in vitamin D dos- 
age. Toxicity should therefore be avoidable 
or quickly reversible. Whether use of this 
agent will promote growth in these children 
has not been determined. : 
Clark D. VWest, Af.D. 
Cincinnati, Ohio 
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ASSOCIATION BETWEEN AORTIC STENOSIS nancy was normal. Her birthweight was 5 Ib. 9 o7. (2-52 kg), 
AND FACIES OF SEVERE INFANTILE The child was breast-fed for 6 wecks._ At_3 months she began 


i a LO Vomit, became diflicult over her feeds, and passed on or two 
HYPERCALCAMIA smal hard stools daily. She was given, the usual vitamin 
supplements during intancy. 

“THE child Was first: scen at The Hospital for Sick Children 
at the aye of 6 nonths. She was.a miscrable, restless, hypotonic 
baby who weiglicd 11 Ib. 4.07. (5:1 kg:). Her head circumference 
was 15 in. (37-5 cm.). A loud systolic murmur was heard 
over the precordium, the femii pulses were casily palpatie, 
and the blood-pressure was 150/90 mm. Hg. 

Investigutions.—Ugine, protein 20 mg. per 100 mi., 1-5 white 
cells per high-power ficld. Dloed-urea, 70 me. per JOM al, 
Blood-cholesterol, 163 mg. per TOU ml. X-ray chest, transverse 
heart. Intramuscular pyclography. showed _ pocrly.. defined 
renal pelvés; no evidence of nephrocalcinasis. 

" Blecuocardiography (#.¢.G.): inverted T waves in lead I, and 
Ccpression of st in leads 11 snd IIL, indicating myocardial 
damage. 

At_10 menths the murimur was unchanged. The 2c6, 
now showed lef ventricular. hypertrophy, but screening 
showed-a nirmally shaped heurt. At the age of 2 years 1 
months scoliosis, which has 
required orthopedic treat 
ment ever since, was roticcd. 

At_ the age of 9"), when 
attending the heart clinic the 
cliid was scen to. have the 
“ hypercalcamia " facies (fig. 
1). She hid a grade-1 carly’ 
ejection murntcr’ loudest” to 
the Icft of the sternum.” Her 
blood-pressure “was” 170/50 
mm. Hg. Her head circum- 
ference'was 19%), in. (49 cm.). 
She was attending 2 special 
school bccause of mental 
backwardness, = The “urine 
now contained 200 mg. pro- 
tein per 100 mi.; blood-urea 
was 87 mg._per, ‘JO0_m1.; 
and the ¥.¢.G., showed gross 
left ventricular hypertrophy. 
X-ray of the skull, spine (apart from the scoliosis), and long 
bones showed no abnormality. At 12 ycars her biood- pressure 
had increased to 170/125 mm. Mg. and the urine cuntained 
between 500 ‘and 2000 mp. of protein per 100 ml. with @ 
moderate number of epitheliat cells. Her Weod-urea rose 
to 200 mp. per 100 mI. in the next 2"/, years: the"murmur 
was now & prade-i1 ejection murivur, and for thé Tirst time 
@ systolic thrill was fele aver the right carotid artery. Since 
then both murmur and thrill have become less obvious, though 
the paticnt’s blood-pressure has continued to rise. She 
was admitted tothe hospital in January, 1963, aged 3S, With 
facia! weak.iess and slurred speech witich seemed to be the 
FsulCof wn acute cerebrovascular accident, Rer blood-pressure 
Mas 260/200 wm. Hy, hivenoglobin 48%, ‘and Iood-urea 
312 mg. per 100 mi, The patient's condition improved sli,huy 
and she wus discharred home where she died a month Iatce, 
Necropsy was not performed, oS 
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Tue severe form of infantile hypercalexmia, first 
described by Fanconi et al. (1952), consists in failure 10 
thrive, mental rctardation, a characteristic facies, and 
often a convergent squint; a systolic murmur is present 


in must cases. The hypercaleaimia is usually severe and | 


“ accompanied by a raised blocd-ures and other evidence 
of renal damage. The shzull base is thickened and densely 
calcified, znd there. are similar areas of dense calcification 
ia the verieora, mi rtaphyscs of tie long Lunes, snd Inany 
of the cpiphyses. 

In a review of this condition Schlesinger et al. (195) 


pointed out that, although death mirht occur early in the - 


disease from renal failure and hypertension, occasions ly 
renal function was partly or wholly restored. There has 
been no long-terin study of the results of infantile hyper- 
caleemia, but Mitchell (1960) has shown that of thirtecn 
children examined 3-6 years after the onsct of the hyper- 
calcemic phase, all but one were normal in height, 
mentality, and renal function; the onc exception was 
slightly retarded mentally at the age of 5/2, but Mitchell 
considered that the facies (squint, cpicanthie folds, and 
Prominent upper lip) was indicative of the severe type of 
hypercalcemia, whereas the other twelve children were 
tought to have had the mild or benign form of hypere 
calcamia. Observation of our carly cases of the sevcre 
form of infantile hypercalcemia over the past few years 


fae shown that the systolic murmurs have become. 


characteristic of aorfie’ stenosis, and that progressive 
renal impairment and hypertension are likely to ap;car. 
Familiarity with the facial appearance of these cases as 
they have develujed has enabled us to recognise for the 


fitst time the clinical picture in five children aged 6-14 


Vy years who attended the heart clinic with aortic systolic 
mermurs. Retrospective assessment of their early case- 
histnies shows many of the charceteristic feztures of 


infantile hypercalesemia, 
jes 


Case-records 
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Cuse 
A giil, born on June 18, 1947, was an only child. Her mother 
Wes othaatic; her father was healthy. Veeynancy and delivery 


were normal, “bhe mother’s intske of vitamins during prege 
+11 eee ees onmg a Sera Lees 
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Fig. i—Cave i, ged 10 ycars, 
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Fig. 2—Case 2, axed 2'/, years. 


Fig. 3—Cace 2, aged £5'/, years. 


Comment 

The past history here was very suggestive of hyper- 
+ caleremia with carly renal damage. A systolic murmur was 
already present at the age of 6 months. Subsequently the 
hypertension and the renal damage gradually progressed. 
There is no proof that the murmur was due to aortic 
stenosis, but this is: likely. Mental rctardation was 
pronounced, and the facics resembled those of known 
cascs of the severe type of hypercalcamia) 


Case 2 

The paticnt was a girl born on April 26, 1945, of healthy 
parents. An older child was healthy.” Pregnancy and delivery 
were normal; the mother took cod-liver oil capsules in the 
usual desage for the last 6 months of her pregnancy. The 
child's birthweight was 6 Ib. 3 oz. (2: ‘Bkg.). She was bottle-fed 
with numcrous changes of milk because of poor appetite and 
inadequate gain in weight. At the age of 3 weeks _a_systalic 
murmur_was_ _detecacd; she first attended The Hospital for 
Sick Children when she was 5 months old; a blowing systolic 
murmur was heard, loudest in the pulmonary area. 

Atine “age of a a year_a squint was noticed, ‘he child had 
normal vitamin supplements during | infancy, and orthodox 
doses of * Virol and ‘ Multiwte ’ tablets were prescribed at a 
welfare clinic from the age of 1*/, to 2'/, ycars (fig. 2). She 
had loose offensive stools between the age of 2 and 3 years, and 
ceelinc disease was suspected. A systolic thrill was noticed for 
thefiest timeat 4!/, years. © = 

“The child was admitted to hospital for further investigation 
when she was aged 6 years 11 months. She was backward 
mentally; there was ¥ systolicn murmur and thrill _conducted 
into the neck and the blood-pressure was 120/80 mm. Hg. Her 
heart was not enlarged clinically or radiologically, and £.C.G. 
suggested right axis deviation. Her 1.Q. at 7 years 3 months 
was 629%). 
pressure bepan to rise slowly. Efectrocardiographically 
Tel ventricular hypertrophy was first detected at 10 years, and 
this gradually increased during the period of observation. 
vans enlargement was first noticed clinically in the following 

The child was admitted at 13 years 11 months for further 
investigation; her blood-pressure was 150/90 mm. Hg, and 
X-ray showed consicerable cardiac enlargement to the Iecft; 
ventricular puncture with simultaneous pressure readings in 
the left brachial and right femoral arterics showed a pressure 
gradient of 40 mm. Hig across the aortic valve indicating mild 
stenosis.” “The Lied tage oe " facies was first recognised 
during this admission (fig. 

Investigations.—Urine, auth 40 mg. per 100 mi., many 


squamous epithelial cells, $0 whice cells per c.mm. in une , 


centrifuged urine; urine concentration and dilution test 
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normal, Blood-urea 30 ing. per 100 ml. Intravenous pyeke 
graphy norm, except that the right kidney seemed slightly 
smaller than the left. 

Later the child’s blood-pressure rose _to_150/110 mm, Hyg 
at the aye of 16 ycars. 9 months later she was “seferred to the 
late Dr. Paul Woed at the National Heart Hospital. Her blood. 
pressure had now fallen to 140/90, and there was clectroe 
rit iphic evidence of increased left <eneteuner strain. A 


She 


stricture ene to canaint ot thick “ payaumatous ” tissue; 
it was incised, and a‘ Teflon ’ graft was sutured into the defec 
made by the incision. She died the next day. 


Necropsy 

At necropsy the operative findings were confirmed. The 
thickening and ny ATrOWINE of the aorta extended to the bifurca- 
lon. The wonta was narrowed between the origin of the leh 
subclavian artery and site of the obliterated ductus. The left 
ventricle was hypertrophied by about half, ‘The kidneys seemed 
normal, Microscopic examination of the aorta (Dr. D. K. 
Henry) showed thickening and fibrosis of the media with some 
The stencsis was 
due to a coinbination of grossly thickened media and a pro 
jecting circumferential ridge of dense fibrous tissue apparcnuy 
of intimal origin; at this point the clastic tissue was almost 
absent. Below the stenosis the intima was thickened and 
showed early atheromatous change. The aortic valve appeared 
slightly thickened by an increase in fibrosis, but was otherwise 
normal. The kidney was normal, except for congestion and a 
small cortical infarct; there was no calcification. 


Comment 
The carly history of Seeding dificulties suggests j idio- 
pathtc“hiypercalcainia. It is of interest, from the @tio- 
logical point” of view, that the murmur__was. already 


present at the age of 3 weeks. 
Cace 3 

This boy was an only child, born on May 12, 1951, of 
healthy and unrelated parents. The pregnancy was com 
plicated by pre-eclamptic toxamia, but the delivery was 
normal. The child's birthweight was 5 Ib. 10 oz. (2:55 kg.) 
The mother's vitamin intake was normal during pregnancy. 
Thc baby was breast-fed for 5 or 6 months; but there was some 
vomiting during the first 2 ycars, and he did not take ‘mixed 
feeding until he was aged 10 months. He sat alone and began 
to speak when he was a vear old, and could not walk without 
aid until aged 1 ycar 11 months. His vitamin-D_ intake was 
normal during his first year. In infancy he was thought to be 
backward, and a cardiac murmur was first detected at the ¢ age 
of 3 months. Pir ey 
manent 


Pig. 4—Case 3, aged 2 years. 


Fig. &—Case 3, aged & years 
\! months. 


| 


| 


“octrorrr 12, 1963 
ica een eae 


The child was first seen at ‘The Muspital for Sick Children 
atl year $2 months when he weighed 21 Ib, (9:5 kp.) and his 
heighT Was FIT, (75 cm.); he was noticed to have a preculiar ™ 
facies (fig. 4) and there was aloud cystolic murmur mast audible 
inthe third lett interspace, MT Moak-pressure was 100/60 mm. 
Hg, and the femoral pulses were norma. The child gained 
weight slowly. His blood-pressure remained normal until he 
was aged 8 years 11 months, when it rose to 155/90 mm, Hg. 
He was serCéned vn three occasions; the pulmonary artery was 
initially thought to be small, but the heart shadow was normal 
throughout. £.C.G. recordings during the period of observa- 
tion showed no significant abnormalitics. At the age of 8 ycars 
I months he was recognised as having the “hypercalexinia”’ 
facies (tip. 5) and was further investigated: 707 7 
* Tnvestications. Urine, normal to routine testing. Blood- 
urea, 41 mg. per 100 ml. Serum-calcium, 9:8 mg. per 100 ml. 
Scrum-cholesterol, 200 mz. per 100 ml. X-ray of skull and 
long bones normal; 0 evidence of nephtocaleltiosis in the 
abdomen. ; 

When the child was last seen at the age of 10 years 10 months 
his blood-pressure was 190/100 mm. Hg, and for the first time 
asystolic thrill was felt in both carotids. The boy has always 
teen somewhat backward, and is two years behind at school 
(Creamy ee 

nent 
This boy has an early history of fecding difficulties. 


Besides increasing hypertension there is evidence of a 


¢ 


Fig. C—Case 4, aged 8 years. Fig. 7—Case 4, aged 16 yeare, 
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Fig. @. 
Pig. 6—Cavse 8, aged 1 year, 
Fig. 9—Cave 8, aged 13 years, 
Pig. 8. 


chest and skull were normal, snd screening of his chest showed 
8 normal cardiac outline. B.¢.G.s showed no Significant 
abnormality. Fig. 6 is a photograph of the boy at the age of 
8 years. At the aye of 14 ycars 11 months he was suspected of 
having the hypercalcemia ™ facies. His “blood-pressure 
rdiniined” norinal, except for one Outpatient reading of 
140/80 mm. Hg at the age of 16. He had always been recognised 


23 being backward and attended_a “special school.—— > 


At the age of 16 years 2 months (fig. 7) the boy was admitted 
to University College Hospital under Prof. M. L. Rosenheim 
for further assessment. His height was 5 ft. 6 in. (165 cm.) 
and his head circumference was 20'/, in. (51 cm.). His heart 
was of normal size, and an acrtic ejection murmur was heard 
which was thought to he duce~io~aartic stenosis, though’ no 
Cuil was recurded. The boy's blood-pressure initially was 
130/80 mm. Hg, but settled to 110/50 on rest in bed. He did 
not complain of thirst, but had to get up twice cach night to 
pass urine. Pe at 

Investigations.---X-rays of skull and long bones were normal, 
and these was no radiological evidence of nephrocalcinosis, 
Specific gravity of te urine was 1-017 at the highest reading on 
fluid deprivation; urea-clearance normal, Blood-urea normal, 
Serum-calcium 10-5 mg. per 100 ml. on two occasions. £.C.G, 
normal. Intelligence quotient 46%. 


re 
probable aortic stenosis. His facial appearance is typical, tildes 


and he is somewhat backward mentally, No formal tests 
of renal function have been performed. | 


* Case 4 


The parents of the 4th child are first cousins end healthy. 
There are two normal brothers. The mother's pregnancy and 
labour were normal; the child's birthweight was 6 Ib. 8 oz. 
(2:59 kg.). He was breast-fed for 6 weeks; then, because_of 
vomiting, he was chaneed to bottle-fecding with 2 yaricty of 
milks, but the vomiting persisted. He never took cod-liver 
oif properly, and at the age of 2 morths Was started on halibit- 
liver oil which he’ was still taking at the ape of 2.years_ 1). 
months in a dose of 6 drops daiiy. Between the age of 6 
months and 2 years 6 months he was given thyroid extract, but 
the dose is not known. He did not sit until he was 9 months old, 
but he stood at the age of a year. At 2 years 6 months he had, 
begun to walk and was saying single words. 

The child was first seen at the ee of 2 years 13 months 
a The Hospital for Sick Children. He weighed 2516. (11-3 kg.) 
and his height was 34'/, in. (86 cn..). The left palpebral fissure 
was wider than the right, and there was an epicanthic fold on the 
left side; there was ne squint. The boy's heart was nn cnlarged 
dinicany, but a systehe murmur was heard, loudest at the 
pulmonary area snd Conducted Up into the neck end.tu the 
back, A systolic thrill was felt_in the neck, X-rays of his 


The boy's early history of feeding difficulty could well 
be explained by hyrercalexraia. There is reasonable but 
not conclusive <vidence of aortic stenosis, but this is 
presumabiv very mild as the E.c.G. has always been 
normal. There is only suggestive evidence of slight renal 
insufficiency; his intelligence is very low. } 

Case 5 : 

The parents of this boy, born on Jan. 24, 1946, were healthy 
and unrated. One younger’ sister Is" quité“normal. The 
mother’s pregnancy was normal, and she took the usual vitam 
supplements durinz the last 6 months of pregnancy, Delivery 
(at termi) was norrnal and the birthweight was 6 Ib. (2:7 kg.) 
The oaby was brest-fed for 6 months, with no feeding 
difficulties” During the first year (fig. 8) gain in" Weight was” 


"Satisfactory but slowed up after this, and by the age of S'yeaiy’ 


he weighed ‘the’same as his healthy 19-month-old sister. His 
vitamin-D intake was not cxcessive during the first 3 years of 
life. 

A murmur was first discovered at 2 years 3 months when he 
attended the Royal Wesr Sussex Hospital (Dr.G. A, Emmerson) 
because he was not walking. He weighed 22%, 15 oz. (10-4 ke.) 
and was scen to have an abnormal facies (** marked epicar: *: 
folds"). A loud systolic murmur was heard, loudest ove. -c 
Fight first interspace and conducted up into the neck od 
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Fig. 10—Cuse described by Schie- Fig. {1—The eame case as 


singer et al. (1956) aged 1 year in fig. 10, eged 11 years. 
8 months. 
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Posteriorly; the femoral pulses were palpable. Screening of the 
Patient's chest and £.€.G. were both normal. He was thought 
to_be backward mentally, At the age of 3 years 3 months a 
thrill was noted over the upper pert of the sternum, and an 
aortic lesion was suspected; his blood-pressure was 110/60 mm. 
Hg. At the age of 4 years the boy attended The Hospital for 
Sick Children. 

There was no change in his physical signs. There was no 
cardiac enlargement clinically or radiologically, but the £.c.c. 
showed inversion of the T wave in lead I and low take-off in 
lead II. At 6 years the blood-pressure was 90/60 mm. Hg. 
There was no£.c.G. evidence of ventricular hypertrophy and no 
"axis deviation; u waves were present in V,. The boy's 1.9. at 
this time was 69°4. 2 ycars later his condition was unchanged 
clinically; But the £.€.c. showed flat T waves in lead I and 


evidence of left ventricular hypertrophy with left ventricular 
Strain. Wien he was scen at the age of 34/, years his blood- 


Pressure was 120/90 mm. liz, and the £.c.G. now showed only 
slight left ventricular hypertrophy and possible right bundle- 
branch block. He was then seen to have the facics of the sevcre 
typeof hypercalcamia (fig. 9). No renal function tests were 
done, but there was no complaint of polyuria or thirst. At 
17 years, when he was secn at the Brompton Hospital (Dr. 
ROG. Gold), his olood-pressure had risen to 180/100 mm. Hig. 
T Comment & 

In this boy, weight gain was apparently normal for the 
first year. There is no evidence of renal insufficiency, but 
it has been impossibl+ to test renal function. The physical 
Signs suggest aortic stenosis. There is clear evidence of 
mental, retardation, and the boy has the characteristic 
facies. | 

Discussion 

Ain each of these five cases the clinical features correspond 
very closcly to those of the older surviving cases of 
infantile hypercalcemia of the severe type (Schlesinger 
et al. 1956). All fiv. children presented as a problem in 
cardiac diagnosis, but direct proof that they were ever 
hypercalermic is lacking?) Renal biopsy to look for 
evidence of nephrocalciridsis, which is nearly always 
present in infantile hypercalcemia (Schlesinger et al. 
1956), did not seem justified. 

We have direct evidence of aortic stenosis in one case 
only (case 2), and here the valves were normal and the 
Stenosis was supravalvar in type. The cause of the 
systolic murmur in the severe type of hypercaleemia has 
been much discussed; but in two of the cases (see figs. 10 
and 11) originally described by Schlesinger et al. (1956) 
the physicai signs now supgest antic stenosis and resemble 


those in our cases, Necropsy studies in some cases have‘ 


‘Williams et al. and by Beurcn et al., 


E590 


ORIGINAL ARTICLES 


THE LANCey 
eine 


shown that valvular changes are present. 
(Dawson ct al. 1954) a systolic murmur and hypertension 
were found, but post mortem there was no abnormality 
of the valves or myocardium. Fletcher (1957) found a 
calcified aortic valve in a child who had had both hyper. 
tension and a systolic murmur, and Schlesinger et al, 
(1956) reported another case with a systolic murmuy 
without hypertension in which there was a calcified area 
in the mitral valve. Joseph and Parrott (1958) found 
thickening, without calcification, of the edgcs of the mitral 
and tricuspid valves, and some fibrous thickening of the 
aortic valve in another case where the blood-pressure had 
not been recorded during life. Onc of the best descriptions 
of the changes in the aortic valve in the severe type of 
hypercalemia was given by Rashkind et al. (1961), who 
found at necenpsy that the valves 
yellowish; microscopically the thickening was due to 
““myxacdematous " connective tissue. The coronary 
artcrics also showed a similar thickening of their walls, 
There was no calcification in the aorta, aortic valves, og 
coronary arteries. 

In the early stages rigidity of the valves seems likely to 
be a common cause of the systolic murmur, and hyper. 
tension alone Jo be an uncommon cause. In view of these 
findings, it is dificult to sce why the murmur should dis. 
appear in cascs where the blood-pressure has been 
normal, as in a patient of Russell and Young (1954) in 
whom the murmur disappeared as the child's Clinical 
condition improved. Rinvik (1957) described a similar 
case, also without hypertension. The evidence does 
Suggest, however, that a thickening of the valves rather 
than calcification is the primary abnormality and that the 
changes may affect other large arteries. 

It would be inappropriate to discuss the atiology of 
infantile hypercalcemia here, but it may be significant 
that the systolic murmur was detected as carly as 3 weeks 
after birth (case 2), at 3 months (case 3), and at 6 months 
in two others; in one of these two (case 1), hypertension 
and rena: damage were already present. 

Though the connection between aortic stenosis and 
previous hypercaleamia has not been reporied Williams 
et al. (1961) and Beuren et al. (1962) have described some 
cases of supravalvar stenosis said to be congenital, 
combined with mental retardstion and @ peculiar facies, 
Systemic hypertension was not recorded in any of these 
cases. From the facial appearance of the children in the 
Published photographs it seems probable that these 
workers are describing the same condition that we have 
studied, though they had evidently not considered 
infantile hypercalcamia as a possible cause. 

Our case 2 had a lesion identical with that described by 
but we were unable 
to find any microscopic evidence of previous hyper- 
calcemia; so the connection between this condition and 
infantile hypercalcamia cannot be proved at this stage. 
But possibly the thickening from “ myxomatous ” of 
** myxadematous ” tissue may sometimes involve the 
aortic valve and sometimes the aorta immediately above 
the valve, 


We wish to thank Dr. Bernard Schlesinger and the Editor of the 
British Medical Journal for allowing us to reproduce the photographe 
of the case of infantile hypercalermia; and Prof. M. L. Rosenheim 


In one case 


Were thickened and. 


\ 


and Dr, G. A. i:mmerson for supplying further information sbow | 


cases 4 and 5. We would also like to acknowledge the courtesy of 
Mr. O. S. Tubbs for allowing us to quote from his operstion findings; 
and Dr. D. K. Heaty for her histological feport, 
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J. Barat f 
M.B, Sydney 
RESIDENT PATHOLOGIST 
THE ROYAL ALEXANDRA HOSPITAL FOR CHILDREN, 
SYDNEY, NEW SOUTIL WALES 


Tus report describes the clinical and pathological 
features of a group of twenty-one children admitted to the 
Royal Alexandra Hospital for Children between March, 
1951, and March, 1962, who appear to have had an illness 
which, we believe, represents a clinicopathological entity. 
We shall refer to this condition as fatty degeneration of the 
viscera, of unknown cause. 


The outstanding clinical features were profoundly 
disturbed consciousness, fever, convulsions, vomiting, 
disturbed respiratory. rhythm, altered muscle-tone, and 
altered reflexes. The onset was usually associated with 
cough, rhinorrhea, sore throat, or carache. There was 
often hypoglyc:emia and a low cerebrospinal fluid (c.s.F.) 
glucose, and the serum glutamic-oxalacetic acid trans- 
aminase (S.G.0.T.) and scrum glutamic-pyruvie acid 
transaminase (S.G.P.T.) levels were increased in each of the 
seven patients in whom they were measured. 

Seventeen of the children died, and at necropsy remarke 
ably uniform pathological changes were found. To the 
unaided cye, these were expressed as cerebral swelling, a 
slightly enlarged, firm, and uniformly bright-ycllow liver, 
and pallor and slight widening of the renal cortex. 


Clinical Features 
The serics consisted of fourteen girls and seven boys. 
The youngest was 5 months old, and the eldest 8'/, years. 
Fourteen of the twenty-one were aged 2 years or less, and 
the other 7 were over 5 years. : 


The frequency of the main clinical features and the 
laboratory findings is shown in the tables.$ There was 
usually an initial period of malaise, often with cough, sore 
throat, earache, or rhinorrhoca, and the children did not 
seem very ill. Usually after 1 to 3 days, but varying 
occasionally to 2 or 3 wecks, there was fairly abrupt 
clinical deterioration, the most worrying changes being 


© Present address: School of Pediatrics, Prince of Wales Hospital, Randwick, 
New South Wales. 
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Persistent severe vomiting and the onsct of stupor or 
coma, sometimes followed by convulsions. In ten of 
the fourteen children who had upper-respiratory tract 
symptoms, there was a short period of apparent recovery 
before symptoms returned and the more serious phase of 
the illness supervened. : 

In nearly half the group there was wild delirium, with 
screaming, intense irritability, and violent movements, 
during the period when consciousness was detcriorating, 
and in scveral of the other children an unusual degree of 
restlessness was noted. i 

On admission to hospital, all but two of the paticnts 
were already stuporose or comatose. Eight exhibited, at 
some time afterwards, the delirium described above. 
Usually one or more of the features that we have learnt to 
regard as characteristic, such as hyperpnira or a low c.s.8, 
glucose, was present at or shortly after admission, and 
others appeared over the ensuing 12 or 24 hours. 

Every patient had profoundly disturbed consciousness, 
and seventeen had scizures. The types of convulsion 
varied, and some patients had mere than one sort of fit at 
different times. Focal twitching and tetanic spasms were 
sec most often, and in three patients, one of whom had 
opisthotonus, the spafins were sufficiently like tetanus for 
this diagnosis to be considered. Convulsions were often 


‘difficult to control; in ten of the seventeen patients who 


had fits these lasted mére than 3 hours, and in four they 
were terminated only by death. 

Vomiting was another constant symptom, and in most 
Patients it was severe. Eleven paticnts vomited black or 
dark-brown matcrial. It was notable that vomiting invari- 
ably ceased or became much less frequent shortly after 
admission, that is, a few hours after the onsct of stupor or 
coma. : 

The respiratory rhythm was noted to be abnormal in 
twenty cases, and most exhibited changing patterns of 
breathing. Hyperpneca and irregular respirations were the 
commonest abnormalitics noted, but shallow or rapid 
breathing also occurred, and one paticnt, who became 
apneic, remained alive for 26 hours with assisted 
respiration. 

The liver was palpable in twelve, and in seven it seemed, 
on repeated examination, to have become larger than on 
admission. In six the liver was thought to be abnormally 
firm, and this was, in our experience, a more helpful 
finding than apparent enlargement. 

Muscle-tone and tendon-reflexes tended to be change- 
able, Increased or variable tone and tendon-reflexes were 
found in sixteen. The plantar responses were abnormal or 
equivocal in about half of the group, and they were often 
variable from time to time in the same patient. The 
pupils became dilated or unresponsive to light, or both, 
in ten patients. In only one patient were the pupils 
unequal, 

A characteristic posture was observed—the elbows 
flexed, the Icgs extended, and the hands clenched—and 
some or all of these features were noted in seven patients, 
This finding, in common with hyperpnera, firmness or 
enlargement of the liver, and changes in the muscle-tone 
and tendon-reficxes, was more often recorded in the more 
recently admitted cases, when clinicians at the hospital had 
become familiar with the condition. : 

In twelve patients ketones were found on urine analysis, 


| or there was a ketonic odour on the breath, Every patient 


except one had fever while in hospital, but this was not 


514 J. Cour. Pari. 1964. Vor. 74.° 
DEGENERATIVE CHANGES 1N THE AORTA OF SHEEP 
INJECTED WITH ONE MILLION UNITS OF E592 
: VITAMIN Dy; 
- By 


B. F. Fett, R. Boyne ann J. QuarTERMAN ‘ 
Roweit Research Institute, Rucksburn, Aberdeen 


‘ays INTRODUCTION 


In 1962 we examined histologically several. organs fiom each 
animal in a small group of adult Blackface ewes which had received 
a single intramuscular injection of one million units vitamin Dy in 
2 ml. ethyl oleate approximately cleven months before slaughter. 
These sheep had been used in an experimental study of blood levels 
of vitamin Ds after its injection (Quarterman, Dalgarno and Adam, 
1964). The histologital studies were iaade to investigate possible 
pathological effects of the treatment, and tissues from twelve normal 
Blackface ewes that were bclicved to have had no more than ordinary 
amounts of dictary vitamin I} were used as controls. 

All the animals in both groups had small calculi in the renal pel- 
vis. Non-calcified artcriosc!crotic intima! lesions were found in the 
aorta of two of The treated shicep_The remaining five had a mild, 
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diffuse, medial fibrosis of the aortic wall, 

“We supposed that the arteriosclerotic lesions were due to vitamin 
D toxicity. Whilst it appeared unlikely that such lesions would have 
shortencd the useful life of the shcep or have other economic dis- 
advantages, we felt obliged to make a similar study on a larger group 
of animals in arder to check this observation. 


MATERIALS AND METHODS 


Forty Blackface ewe hoggs, with no history of disease, were bought from 

a reputable source when one year old. They were born in Strathdon, 

. Aberdeenshire, kept on hill grazing during the summer, and on lowland 

grazing supplemented with turnips and hay in winter. They had not been 
injected with vitamin D or with prophylactic vaccines. 

The animals were weighed, ear-marked, divided into groups and 

injected with vitamin Dy on 25.5.62 as shown in Table 1. After injection 


the sheep were kept on grass for a short time until sneared, when they 
were transferred to marginal hill grazing until the end of September, 
Early in October they were returned to grass, receiving silage from 
28.12.62 to 8.1.63, hay and } Ib. concentrates from 8.1.63 to 5.2.63. 

Immediately after slaughter the heart, thoracic aorta and pieces of 
lung were placed in neutral buffered 4 per cent. formaldehyde solution. 
‘After about two hours the heart was freed from blood clots and adven- 
titious tissue, examined and weighed. Tissues for further fixation and 
processing for histological examination were then sclected from each 
chamber of the heart, from similar areas of the aortic arch and from the 
lung. Three specimens were taken from cach aorta, 
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Paraffin wax sections from cach specimen obtained at two and four 
months after the injections were stained by the von Kossa method for cal- 
cium salts. Sections froin all Specimens were stained by van Gieson’s picro- 
fuchsin method for collagen and by the Weigert-Sheridan method for 
elastic tissue. In addition, sclected tissues were stained by the Periodie- 
acid-Schiff and hacinalum method, by Heidenhain’s iron haematoxylin 
method for the study of smooth muscle cells and by the silver impregnation 
of reticular fibres. Frozen ‘sections were stained by Sudan IV. 


RESULTS 


The treated and control groups did not show a significant differ- 
ence in average carcase weights. Neither macroscopic nor micro- 
scopic lesions were found in the heart or lung of any animal, except 
for parasitic lung Icsions. The heart weights from the three groups 
were not significantly different. The von Kossa preparations were all 
negative for calcium salts] Although no changes were scen with the 
unaided cye microscopic Ic. >ns were present in many of the scctions 
of aorta and were classified as localised or diffuse. The former were 
found in animals from all three groups and were apparently un- 

‘ related to the treatment, whereas the latter occurred in all the 
animals injected with 1,000,000 ufiits vitamin Dy, and we believe 


were attributable to this cause.\ 


: Taste 7K 
So (emer eae 
c 
Slaughter: time efter injection 
Sntramuscular en, tem Sean, 
injection 2 months | 4 months | ( months| 8 month: 


1,000,000 units vitamin 
D, dissolved in 2 ml. ethyl 
oleate (Robert Young & 
Co. Lid.) 


,000 units viiamin D, 
in 1 ml. ethyl oleate 


2 mi. ethyl! oleate 


Spontancous Arteriosclerotic Lesions occurring in Treated and Untreated 
Animals ‘ 

The non-specific changes averc localised arteriosclerotic lesions. 
These occurred as intimal scars and plaque-like elevations of the 
intima. - . 

Intimal scars. Of the sixteen animals injected with 1,000,000 units 
vitamin Ds, seven had one or more small sub-endothclial scars in the 
‘aorta. In two of the seven affected animals multiple lesions were 
found. Three out of cight receiving half the above dose showed 
similar areas of fibrosis, 

In five of the sixtcen controls there were lesions similar to those 
in the treated grovrs. The typical appearance of these artcrio- 
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sclerotic areas is shown in Fig. 1. Calcified, atheromatous or 
inflammatory Icsions were not found. 

Intima plaques in the corta. In four of the treated ewes and three of 
the controls there were intimal plaques in the aorta (Fig. 2). These 
plaqucs consisted of smooth muscle cells, clastic fibres and collagen. 
They were covered with endothelium and did not contain demon- 
strable fat. They were superficial to the inner elastic layers of the 
vessel wall and appeared to be localised thickenings of the sub- 
endothelial tissues. 


Diffuse Lesions in the Aorta occurring only in Animals Injected with 
Viamin Dy. 

[ Staining for clastic tissue, collagen and reticulum showed a 
variable but gencrally slight increase in these tissucs in the aortic 
media in the region of the larger smooth muscle bundles at six and 
eight months after the injection of 1,000,000 units vitamin Ds. In the 


. Same specimens, but not in the controls, there was a diffuse, patchy 


degencration and atrophy of smooth muscle. This diffuse muscular 
lesion was present at two months after the injection, when vacuolar 
degencrative changes were present; these became progressively worse 
up to six months ond at cight months the main appcarance was of 
mild, diffuse atrophy of sinooth muscle (Figs. 3 to 8 - In some of the 
affected areas thcre was a considerable increase in fine clastic 
fibrils (Fiz. 9). The wall of the aorta was slightly oedematous in these 
spegitaens, but fatty change was not present, 

Therc were also Icsions in the vasa vasorum of the aorta. These 
were infrcquent and consisted of swelling or proliferation of vascular 
endothclinm sufficient to reduce effectively the vessel lumen (Fig. 10). 
This change appeared te be confined to the group injected with 
1,000,000 units vitamin Ds; only half of the sheep in this group were 
found to be a Iccted and in them we were unable to find more than 
onc or two © cluded vessels per animal,| There was no direct evidence 
of medial ischacmia even in arcas of smooth muscle which showed 
relatively marked degencrative changes. There was no significant 
perivascular fibrosis in comparison with the control specimens. 

. t 
. DISCUSSION i 

It is possible that the “spontane=''s” aortic scars and plaques were 
caused by cthyl oleate, the vitamin injection vehicle. Our data do not 
resolve this question, but since intimal plaques in the aorta have been 
noted incidentally in other species it seems probable that they are 


non-specific. ' 


Spontaneous, non-athcromatous, arteriosclerotic lesions in the 
‘aorta are fairly common in captive wild mammals (Fox, 1933, 1939; 
Ratcliffe and Cronin, 1958; Lloyd, 1959; Ratcliffe, Yerasimides and 
Elliott, 1960; Finlayson, Symons and ‘T-W-Fiennes, 1962). Similar 
lesions have been recorded in several domesticated species (Fox, 
1933). Gottlicb and Lalich (1954) examined more than 2,000 fresh 
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aortas from pigs slaughtered in American abattoirs. Arteriosclerotic 
lesions were found in all age-groups, reaching an incidence of 35 per 
cent. in pigs over 3 ycars old. Principally the lesions were fibrous 
thickenings of the intima. In one middle-aged pig, Jennings, Florey, 
Stehbens and French (1961) found plaque-like intimal lesions, 
superficial to the internal clastic lamina of the aorta. These plaques 
were relatively accllular, but contained intra- and extracclluJar 
fat and areas of calcification. Non-fatty, fibrous intimal plaques in the 
thoracic aorta have been recorded in the cat (Lindsay and Chaikoff, 
1955) and in the dog (Lindsay, Chaikoff and Gilmore, 1952), but the 
rat appears to be relatively free from spontaneous vascular disease 

‘lens and Sproul, 1932) except in repeatedly bred animals, where 
spontancous arteriosclerotic lesions commonly occur in the main 
arterics of both sexes (Wexler, 1964). Wexler found that the lesions 
were more common and more severe in the female; 40 per cent. of a 
large group showed grossly detactable lesions and 80 to g° per cent. 
-had microscopic lesions. In the course of other investigations, 
Hulland (1960) observed a high incidence of arterial changes in the 
visceral arteries of both normal and diseased sheep. Sudanophilic 
areas were found in the aortic infima in some cases, but the incidence 
of arteriosclerotic changes in this organ was not recorded. Lesions 
of the media were not common in any vessel. 

Gencrally, these spontancous intimal lesions in younger mamznals 
resemble those which we found in sheep in this experiment, being 
mainly fibrous thickenings of the intimal tissues, containing clastic 
fibres and occasionally some smooth muscle cells, but rarely lipid. 
In older animals and particularly in the aging pig, there is a 
tendency to atherosclerosis (French, Jennings, Poole, Robinson and 
Florcy, 1963). ‘ne actiology of the condition is obscure. 

We believe the diffuse changes in the arterial wall to be genuine 
pathological cficcts of the treatmeng. The actual cause of these 
microscopic degencrative Icsions in smooth muscle-is not clear. 
Presurnably the vasa vasorum play an essential part in supplying the 
outer parts of the arterial wall with nutrients and it seems probable 
that atrophy of smooth muscle could be a consequence of an inter- 
rupted local blood supply. It is unlikely, however, that the few 
abnormal vasa vasorum which we were able to find could cause a 
scrious circulatory deficiency. On the other hand, these could be the 
residue of a more widespread vascular lesion such as the arteritis 
described by Gillman and Gilbert (1956) and Hass, Trucheart, 
Taylor and Stumpe (1958) in vitamin D intoxication. If so, it is 
surprising that the coronary arterics and myocardium escaped injury. 

Alternatively, the changes in aortic smooth muscle could possibly 
be the scquel to a dircct injury sustained soon after the vitamin 
injection. Gross calcification probably did not occur, since such 
deposits tend to be relatively persistent in the aorta and cause distinct 
focal scarring of the media (Gillman, Grant and Hathorn, 1960; 
Quarterman, Dalgarno, Adam, Fell and Boyne, 1964). It should be 
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noted, however, that the aorta can accumulate considerable amounts 
of calcium before mineralisation can be detected by routine histo- 
chemical procedures (Gillman and Gilbert, 1957). 

Finally, the media! degencrative change could possibly have some 
relationship to the lesions of skeletal muscle observed by Gillinan and 
Gilbert (1957) in rats suffering from vitamin D poisoning. In this case 
the skeletal muscle underwent atrophy and extensive degencration 
with dissolution, due possibly to a direct toxic action of the vitamin. 
On the other hand, similar changes found in rabbits given very high 
levels of Vitamin D were thought to be duc to arteritis (Hass et al., 
1958). ‘ 

CONCLUSIONS 

MA single intramuscular injection of one million units vitamin D, 
in normal sheep resulted in degeneration of the smooth muscle of the 
aortic media. No histological Iesions duc to this treatment were 
detected in the heart or lung. The pathogenesis of the lesion is not 
understood; damage to the vasa vasorum of the aorta or direct toxic 
action of vitamin D are sugggsted as possible causes. Both the injected 
and contro! animals showed a high incidence of spontancous intimal 
artcriosclerotic Icsions. 


tee 
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Fig. 2. Fibrous plaque in the aorta of a control sheep. Van Gicson x 150. 
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The Syndrome of Supravalvular Aortic 


Stenosis 


Peripheral Pulmonary Stenosis, 


Mental Retardation and Siiatlas 
Facial Appearance’ 


Aros J. Beuren, M.D. F.A.C.C 


» Crmisrian Scnunze, “.p., Pau Enerce, p.sc., 
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about the findings on patients with supra- 
valvular zortic stenosis in association «wiih 
mental retardation and a cortain facial ape 
pearance.’ Prior to this report, Williams and 
co-workers? drew attention to this combination 
of defects. The authors suggested that the 
presence, of supravalvular curtic  stenosis_ in 


r A previous Communication we reported 


mentally retarded patients. with | the samc 
_JOUstitute a 
It is well 


aiusual Nati Raliis iou pie 

previously unreconized syndrome. 
known that at least three different anatomic 
conditions may cause supravalvular 2ortic 
obstruction and that this type of aortic stenosis 
may be assuciated with some degree of gen- 
cralized hypoplasia of the entire zorta distal to 
the stenosis or with an aorta ofnormal caliber. 
Since in the cases of supravalvular zortic stenosis 
reported in the literature prior to the report of 
Wilhants and co-workers? additional mental 
ntardation and the striking simile city of the 
ficial appearance was apparently not present, 
the question remained whether this combination 
of lesions occurs only in a particuiar type of 
supravalvular aortic stenosis. Meanwhile, we 
have seen more patients with this condition, 


and pur_scrics consists now of 11 patients, 10_ 


of these with the above-mentioned combination 
of [_Tesions. 


multiple peripheral pulmonary stenosis and 
identical dental :nalformations, are the basis 
of the present report. 


Further observations on these pa- 
tients, particularly the finding of coexistent, 


<a Gottingen, Germany 
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CENERAL APPEARANCE 


Table 1 summarizes the clinical data of 10 
paticnts with supravalvular aortic stenosis, 
Patients 1, 2 and 3 have already been described 
in our first communication about this subject. 
One additional patient not included in ‘Vable 1 
Beg = oitoront tees of saniavaivular acillc 
stenosis, characicrized by a uniform narrowing 
of the entire ascending aorta? This paticnt 
will be discussed separately below. The 10 
patients listed in Table 1 have localized nare 
rowing of the ascending aorta just above the 
sinus of Valsalva; they are mentally retarded 
and have the same characteristic facial ap- 
pearance. Figure 1 shows photographs of 
nine of these patients and Figure 2 is the photo- 
graph of the tenth patient. These 10 paticnts 
were between 2 and 14 years of age when first 
seen’ in this clinie. There are 8 girls and only 
2 boys in this serics. The diagnosis of supra: 
valvular 2ortic stcnosis was confirmed at 
operation in 5 of themn.f Al have been 
preoperatively diagnosed as having supra- 
valvular cortic stenosis. This was clearly 
demonstrated by transseptal left heart angio- 
cardiography. Intelligence quoticnts, deter- 
mined jn 8 prticnts, ranged from 44 to 80 


t Operated on by Dr. J. Konez, Departinent of 


Thoracic Suigery, University of Goutingen, 


*From the Departinents of Pediatric Cardivlory, Dentistry and Genetics, University of Gottingen, Gottingen, 
Germany This study was supported by research grant 11-5582 from the National Heart Institute, U. S. Public Health 


Service, ‘nnd the Dcutsche Forschuryspemeinschatt, 
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Clinical 1)..ta of 10 Patients 
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eat Vacies & Periph, 

No.& Are \ Diagnosis 1Q. ental Mul. 
Sen 4 Gr) ' Confirmed (Se) Anomalies Sten, 


Age at Onset 
Symptoms Feercise 


* (yr.) Tolerance Murmur, Thrift 
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iM Tf Operation 46 Tagieals fe 
2M EN, Operation 46 Typical; 
er + 
SP 10 Operation $e Typical; 
= + 
Operation 8 Typical; 
+ 
Operatioa, bed Typical; 
ute ry + 
opey at! 


= Angiogram ° 44 Typical; 
+ 


Angiograms 57 Typical; 
+ 


Angiogram $s Typical; 
* + 


Angiogram 74 Typrcal; 
+ 


Auglogram Typical; 
+ 


® Kelarded but mnt tetted, 


$ + Reduced Systolic, mmt pronounced im tet righe 


lotercustal apace 


Reduced Systolic, mmt pronounced ba tot tighe 
intercostal symece 


Reduced Systolic, mest pronounced tm fet igh 
intercostal space 


Reduced Syxolic, equally pronounced in fet and 
2od rt. intercostal space 


Reduced Systolic, most pronounced in Ind and Seg 
: right intercostal space 


Reduced Synolic, ment pronounced tn 2nd tight 
intercostal space 


Ps Reduced * Systolic, most pronounced in Ing tight 
oe Intercostal’snace 


Reduced Systolic, equally pronounced in Ind ich 
, and right intercostal space © 
. e 
Systolic, moat pronounced im 21d righe 
intercostal space : 


Systolic. mest pronounced in 2nd right 
Katercostal space 


j ‘ 


Periph, Pet, Sten. Perighers! Pulmonary Stenous; Dim. 4iminished, 


(normal value: 100, Wechsler).* The 2 pa- 
tients that were not tested are also mentally 
retarded. 

The factal characteristics of these pationts are as 
described previously..? There are distinct soft- 
tissue similarities, but the facial resemblance is 
partly determined by hypoplasia of the mandi- 
ble. All have the same friendly tempera- 
ment, They are very active and always happy. 
The similarity of appearance is even more 
striking when they talk, all with the samg decp 
somewhat metallic voice. In total they are 
what one would describe as charming char- 
acters. Four of these 9 patienis have strabismus 
convergens concomitans altcrnans (Case 1, 
6, 7, and 9), and 1 has an epicanthus (Case 1). 
Thi retinal vessels are normal. 


DENTAL ANOMALIES 
Nine of the 10 patients listed in Table 1 


“have had repeated examinations by a denti! 


surgeon and ortlodontist (Schulze). ‘Vhese 


- examinations revealed specific and otherwise 
very rare anomalics. ‘The dental malformations 


* Tested by Dr. 1. Schlange, Department of Pedine 


trica, University of Gottingen. 
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are more severe in the 2 boys than in the 8 
girls, Therefore, they will be déscribed sep- 
crately. ; 

Boys: In the deciduous dentition of Case 1 the 
Jower Jatcral incisors (it | MW) are absent. 
Earlict, rocntgenograms revealed that. there 
never was an anlage of these teeth. Case 2 
has a complete deciduous dentition. Hows 
ever, most of the teeth of both these boys are 
extremely small and hypoplastic. In addition, 
the upper milk molars of both boys show de- 
formitics that have so far not been described, 
Both dorsal tooth-knobs (metaconum = and 
hypoconum) are markedly reduced, causing a 
round crown instead of the usual rhomboidal 
form in Vv | V. A decrease of the masticatory 
surface with consecutive convergence of the 
tateral tooth arca results in peculiar bud-shaped 
iceth (Figure 3). There is no reduction in the 
number of knobs of the lower milk molars. 
However, here the masticatory surface is also 
sinaller than normal with an abnormal con 
vergence of the lateral tooth area, particularly 
on the buccal side. 

The permanent dentition of both boys is also 
incomplete. In Case 1 there is no anlage of 
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Syndrome of Supravalvular Au tic Stenosis 


Tans 1 (continued) 


-—B.P. in Arm—~ 
(mm. He) 
Right Left 


X-ray 
CT Ratio 


QKS 
Sound 


a let trocardivugram-————, 


L 
LVH Stain RVH Present Condition 


rarer toe tere LU I 


438/78 110/85 No aortic knob; 
empty pedicle. 
45% 
No acrtic knob; 
empty pedicte, 
4a% 
Noracitic knub; 
enypty pedicle.” 
TSS he 
No aortic knob; 
emply pedicle. 
44% 
1957/80 No aortic knob; 
--— SNL. erupty che, ewe 
32% i ey kt f 


ViS/78 +82° 


140/00 130/80 


135/78 118/75 
100/80 100/80 
150/80 


7 % 

No aortic’ knob; 

empty pedicle, 
46% 


130/80 
“ee * 

No aertie knob; +95° 
empty pedicle, 
52% 

No aortic knob; 
empty pedicle. 
S45, 


. “~ 
370/80 120/60 No aortic knob; 
= + empty pedicle. 
53% 


110/90 130/98 


105/70 100/70 


195780 130/80 +98° 


+6s° 


No aortic knob; 
empty pedicie. 
3% 


+96° 


+ 


+ 9 Improved pontoperatively (operation 
) 


Oct, 1962, 


Improved postoperatively (operation 
July 1962) 


Improved! postoperatively (operation 
April 1962) 


Improved posteperatively (operation 
Nov, 1962) 


Nied at operation Fn 
Operation scheduled 
Operation scheduled 
a 
Operation scheduled 
Operation orbeduled 


+ Operation scheduled 
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2! 2 and 5 5 and in Case 2 no anlage of 


54|5 and 5]. All incisors are simaller than 
normal, The stun of the four upper incisors 
of Patient 2 amounts to 25 mm. instead of 32 
mm., the average for these tecth. The first 
lower molars are also malformed. Their disto- 
lingual knobs (cntoconid) are hypoplastic. 
The roots of these tecth are very short and thin. 

In addition to these abnormalities in number, 
shape and size of the deciduous and the per- 
manent.tecth, there is a marked dysgnathism. 
The upper dental arch is too broad, whereas 
the lower is too small. Consequently, the 
upper arch overlaps the lower at the end of 
the mastication, Therefore, the act of chewing 
isseverely disturbed (Fig. 4). 

Girls: The girls have less pronounced dental 
walformations, but deformitics of the incisors 
and hypoplasia of the tecth of the same kind 
are also present (Fig. 5). The sum of the 
upper incisors of Patients 4 and 6 amounts 
only to 26 and 27 min., respectively, if in 
patient 6 one counts |2 twice, becars: 2] is 
lacking. AN of these girls have the typical 
reduction in size and shape of their tecth as 


, 
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seen in the boys. Partial anodontia and a 
delayed smincralization of some tecth are also 
an expression of the saine maldevelopinent ef 
the dental anlage. fe 


CHROMOSOME STUDIES 


Three of the paticnts (Cases 1, 3 and 6) had 


chromosome studies. Leucocytes of peripheral 
blood were cultured according to the method of 
Moorhead and co-workers‘sfor three to four 
days. During the last four to seven hours of the 
cultures, colchicine was added and the imicro- 
scopic preparations were stained with Unna® or 
acetoorcein, A total of 50 metaphase-plates 
from cach patient have been studied micro- 
scopically, and photographs were taken to 
count the chromosomes. In oral smears, resting 
nuclei were scanned for Barr bodics (P. Eberie). 
In all patients the chromosome number is 46, 


and no chromosome seemed to be abnormal in: 


structure and Iength. Outstanding in the 
karyotype analysis was the observation that 
the male patient (Case 1), who has no desecnsus 
testiculurum, had an abnormal y-chromosome. 
This y--!:romosome appeared to be somewhat 
short, making it difficult to differentiate it 
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Fic. 1, Photographs of nine children with supravalvular aortic stenosis. 
Ccarrespond to case numbers in Tables 1 and 3. 


Numbers 
(Figures 1, 3 and 5 from Circulation, 26: 


1235, 1962, reproduced by permission from the Amcrican Heart Association.) 
e@. 


from the chromosomes 6f ‘Case 21. However, 
we do not believe that this is of significance in 
regard to the syndrome of supravalvular aortic 
stenosis, 


CARDIAC SYMPTOMS AND FINDINGS 
The clinical symptoms of these patients have 


been described earlier; they are not different 


from those of patients with other types of 
aortic stenosis. ‘The exercise tolerance was 


reduced in 9 of the 10 patients. The systolic 
munmur and thrill were most pronouneed in the 
first richt intercostz] space in 3 of the patients, 
and there was no difference in the intensity of 
the murmur in the first and second right 
intercostal spaces in 1 patient. In the others it 
was loudest in the sccond right intercostal 
space. The second sound in the aortic area 
was diminished in all but 1 patient. There 
were significant blood pressure differences at 
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“Fra. 3. A, wettvof Paticnt 1, Bud-shaped [V and hypo- 
plasia of the dorsal knobs. B, normal milk molars of a 
healthy child of the same age. 


the upper extremitics in 7 of the 10 paticnts. 
5 The hearts were only slightly to moderately” 
; enlarged on rocntgenograims, the C-T ratio 
ranging from 44 to 54 per cent. The rocnte 
genograms of the hearts of the patients with 
supravalvular aortic stenosis were characterized 
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Fio. 2, Photograph of patient 10. 


Fio. 4. A, Case 2, Impressions of maxilla and mandible shows microdontism. 
The mavilla is too broad, the mandible too small. B,Case2. Vestilsulo-occlue 
sion of the upper lateral teeth. Mastication is severely disturbed. C, Case 1, 
Malformed and hypoplastic teeth. ‘he manilla is too broad, the mandible too 
sinall. D, Case 1, The maxilla overlaps the mandible at the end of masticas 
tion, There is no chewing contact of antagonists, 
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Fia. §. Case 6, Dental impressions. 


by the absence of the aortic knob and a some- 
what cmpty vascular pedicle in which no shadow 
of the aorta could he seen. The electro- 
cardiograms of only 4 patients showed marked 
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CARDIAC CATHETERIZATION DATA 


In 8 of the 10 patients (Table 1), the ich 
ventricle was entered, and there was a signif. 
cant systolic gradient between the left ventrick 
and ascending aorta. The Ieft atrium wis 
cavieterized in all of these patients, and there 
was in no instance significant mitral regurgita. 
tion. There was also no evidence of any other 
additional intracardiac malformations. 

Right Ventricular Angiocardiography: Surpris. 
ingly, the right ventricular and pulmonary 
artery pressure was clevated in 7 of these 
patients (Cases 1, 3, 5, 7, 8, 9 and 10). There 
was no gradient between the right ventricular 
and pulmonary artery pressure of these seven. 
At Icast in four instances the marked elevation 


1 Ieft’ ventricular hypertrophy, and in three — of the pulmonary artery pressure could not be 
1 clectrocardiograms there was Ieft ventricular explained on the vasis of supravalvular aortic 
| strain. : stcnosis. Therefore, selective right ventricular 
e 
i : : ; 
: : : Tarte n : . 
Catheterization Data and Selective Angiocardiography cf 10 Patients. 
: a 
: Pressures (mm. Hg) ——— Angiccardiography ———_________. 
No. & LV- Aortic LA- Ventricular 
Bex LV Syst. Meas RY PA Septum Left Heart Right Heart 
Gradient 
: iM 165/0 Ss 6 40/0 42/1S Intact Supcavalvular aortic Bilateral, multiple 
i i out Symmetrical - (dye-NrO) stenosis peripheral pulme 
5 tee : poinicd nary stenoses 
‘i ; tracing 
2M | 16570 6s 7 $2fo 29/8 Totact (N2O* Supravalvular aortic Not doae 
: i 3 stenosis. Collaternis 
: : ehetween coronaries 
i‘ . and mediastinal vee 
: : sels 
: 3FP 230/0 120 ; s ssf $$/12 Intact Supravalvular aoriic Bilateral, multiple 
: x : ; stenosis peripheral pulme 
. Mary stenosis 
cr | 190 Y) 5 35/0 26/7 Intact Supravalvular sortie Not done 
; } : stenosis 
- SF 1685/0 6s malty ( 46/0 e 37/11 Intact Bupravalvular aortle Bilateral, multiple 
4 Bymmeirical stenons Peripheral pulme 
5 pointed ‘M nary stenosis 
‘ tracing is : 
3 $s $270 26/6 Tatact (dye) Supravalvular aortic Not done 
{ stenosis 
’ 4.5 95/70 95/20 Intact Supravalvular aortic Bilateral, multiple 
{ Symmetrical ) stenonis Peripheral, pulme 
: pointed Mary sienosis, o& 
4 tracing . vere 
y 4 1106/0 110/40 Intact Supravalvular sortie Bilateral, multiple 
' . Syranetrical stenosis peripheral pulme 
‘ poinied _ Mary stenosis, sev-ve 
acing 
4 4470 32/6 Tatact Supravalvular aortic Bilateral, multiple 
Symmetrical stenosis peripheral, pula 
pointed 
‘ " tracing 
: 8 73/0 70/10; pe | Intact Supravalvular aortic Bilateral, multiple 
! " plpheral 20/5 stenosis peripheral pulme- 
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* Syndrome of Supravalvular Aortic Stenasis 


5, Permrermammemang* ay ees 


eres Ea eer caer an 
Tio. 6. Case 8. Pulmonary angiocardiogram shows 
multiple, peripheral stenosis in both pulmonary artcrica 
Pulmonary artery pressure was 110/40 mm. Hg. 


angiocardicgraphy was performed in addition 
to Ieft ventricular angiocardiography. This 
demonstrated severe, multiple peripheral pul- 
monary stenoses of both lungs in four patients 
(Cases 3, 7, 8 and 10). Their pulmonary artery 
pressures were 55/12, 95/20, 110/40 and 70/10 
mm. He, respectively, In the right ventricular 
angiocardiograms of the 3 other patients 
(Cases 1, 5 and 9) multiple, bilateral narrowing 
of the pulmonary arterial tree was also present 
but was hemodynamically less significant (pul- 
monary artery pressures 42/15, 37/11 and 32/6 
aim. Hg, respectively). The 3 remaining pa- 
tients have not had right heart angiocardiog- 
raphy. Figures 6 and 7 show the peripheral 
pulmonary stenoses of Patients 7 and 8, and 
Figure 8 is the electrocardiogram of one of 
these two patients showiag right ventricular 
hypertrophy. 

Lift Heart Angiocardiography: This demon- 
strated a localized narrowing of the aorta 
immediately above the sinus of Valsalva in ali 
patients (Fig. 9 and 10). Distal to the stenotic 
arca the ascending aorta resumed an alinust 
normal caliber in most of them. In soine, the 
aorta, although it showed a distinct supra- 
valvular stenotic arca, did.not resuine a normal 
caliber distal to the stenosis but remained 
markedly hy poplastic throughout its course. 
There was a marked bulging of the aorta at the 
site of the obliterated ductus artcriosus in all of 
these patients. 


SURGICAL FINDINGS 
At opcration of the first 5 children an almost 
Circumferential crista with a fibrotic thickening 
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Fro. 7. Case 7, Right ventricular anciocardiogram 
showing multiple, peripheral stenosis in both pulmonary 


arteries. Pulmonary artery pressure 95/20 mm. Ng. Bhs 


i 


Fio. 8. Case 8. ‘Electrocardiogram shows right ven- 
tricular hypertrophy in patient with severe peripheral 
pulmonary stenosis, i, 


of the inncr wall of the aorta was found. This 
was most pronounced above and between the. 
ventral and the Icft aortic leaflet. In Case 3 
there was a waistlike uniform narrowing, and in 
Case 2 the ventral and the left aortic leaflets 
were fused with the stenotic area, thus covering 
the orifice of the left coronary artciy. A 
detailed report about the opcrations will be 
prepared by Dr. J. Konez, who operated on 
these children. . 

The eleventh patient of this series, a 10 year 
old boy, is not included in Table 1; his f..dings 
have already been published! He had a 
normal facial appearance, was not mentally 
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Fio. 9. .Case 7. Left ventricular angincardiograin following transseptal Ieft heart catheterization, 
a, PA view shows supravalvular aortle stenosls, Marked buluing of aorta at the alte of the Iga 
mentum arteriosus can be seen in all paticnts with this syndrome. b, lateral view shows stenosis 


above the sinus of Valsalva, 


retarded and his supravalvular aortic stenosis 
was distinctly different. There was a uniforin 
narrowing of the entire ascending aorta, ex- 
tending high up into the aortic arch and 
behind the origin of the large arterial vessels. 


Discussion 


Different anatomic conditions may Cause 
supravalvular aortic stenosis. An increasing 
number of patients with this condition has now 
been reported, preoperatively diagnosed and 
operated upon.t-"7 In most of the earlics 
reported cases there was a fibrous band crossing 
the aortic Jumen but causing apparently no 
obstruction to left ventricular outflow." 
Functionally significant narrowing of the as- 
cending aorta at the upper margin of the sinus 
of Valsalva is caused by a localized narrowing 
of this part of the aorta, with or without a 
circumferential crista or a membranous struc- 
ture which contributes to the narrowing of the 
aortic lumen. There is usually marked plica- 
cation of the inner wall of the aorta. As Mor- 
row and associates® have pointed out, one or 
more Ieaflets of the aortic valve may be fused 
to the thickened wall of the stenotic part of the 
aorta, thus covering the respective corenary 
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orifice to some extent. Froin expecricnce with 
autopsy specimens of this tyne of conccnital 
malformation, Lev™ has reported that supra- 
valvular aortic stenosis may occur as an isolatcd 
Icsion and as part of gencralized hypoyilasia 
of the entire aorta. Some of our patients have 
significant hypoplasia of the aorta distal to the 
stenosis. There is one more anatomic variant 
of supravalvular aortic stenosis which is ap- 
parently even Jess frequent than the usual types. 
It is a uniform narrowing of the ascending aorta 
beginning also iw the upper margin of the sinus 
of Valsalva out extending high up into the 
aortic arch, the origin of the ureat artcrics at 
the aortic arch being within the stenotic areca. 
This form is distinctly different from the usual 
Supravalvular aortic stenosis and should be 
termined “unusually Jong supravalvular aortic 
stenosis.” We have reported such a case? in 
detail, and Neufeld and associates also pub 
lished studics on a case of this kind of hy- 
poplastic aorta. 

The exact diagnosis of supravaleular aortic 
stenosis can best be established by left ventricular 
injection of contrast medium’ and biplane 
angi: cardiography. Besides the facial sim- 
ilarity, there are no specific signs which would 
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Fic. 10, Case 4, Left ventricular anpivcardiogram following transseptal Ieft heart catheterization, 3 
a, P-A view showing intact aortic valve and supravalvular aortic stenosis above the sinus of Vale ' 
salva. b, lateral view shows supravaly ilar stenosis and bulging of the aorta at the site of the liga- 


mentum arteriosus. 


permit the diTerentiativa of supravalvular 
aortic stenosis froin other types of aortic stenosis 
on physical cxamination. In some cases the 
thrill and the systolic murmur may be most 
pronounced higher up in the right precordium 
just below the clavicle. The sccond aortic 
sound was diminished in all our cascs. Of 
interest is the frequent finding of different blood 
pressures in both arms, as reported also by 
others, and it may help in the differentiation. 
The roentgenogram of the heart may, however, 
offer a cliagnostic clue. The emptiness of the 
vascular pedicle and the fact that no aortic 
knob can be seen should make one suspicious 
of this type of aortic stenosis. 

It is a striking and most surprising fact that 


- we have seen within one and a half ycars 10 of 


these patients with the facial characteristics 
described previously,'? with mental retardation 
and with certain similarities in temperament 
and nature. We do not believe that there is 
any external reason for the sudden occurrence 
of this malformation such as the thalidomide 
inalformations scen in this country. The 
relatively frequent recoynition of this combina- 
tion of lesions is probably due to the fact that 
in recent ycars more detailed studics, including 
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Weft’ ventricular angivcardiography, have been 
performed as compared to some years ago. 

It may be worthwhile to puint out that we 
have been able to differentiate by left ventricular 
angiocardiography the fusion of the leaficts of 
the aortic valve with the stenotic wall of the 
aorta from the cases without such a fusion. 
The surgeon will sce this anyway at opcration, 
but this differentiation may throw some light 
upon the result of operation to be expected and 
the risk of eperation. 

The bulging of the aorta at the site of the 
ligamentuin arteriosus, which can be seen in 
the left veniricular angiocardiograms of all of 
our patients, with this syndrome, seem: to be 
specific for this malformation. It may also be 
an expression of the maldevclopiment of the 
aorta and the pulmonary artery. 

Paipheral’ Pulmonary Stenosis: Besides the 
identical dental malformations of these patients, 
the most interesting new finding is the co- 
existence of saultiple bilateral peripheral pul- 
monary stenosis in at Icast 7 of 10 paticnts with 
this syndrome. In 4 cases this was so severe in 
degree that it could not be missed: the pul- 
monary artery pressure was significantly el- 
evated; there was no gradicnt across the 
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pulinonary valve; the cardiac catheter could 
not be advanced into a pulmonary wedge 
position because of the severe multiple narrow: 
ings in both pulmonary arteries. In the 
3 other pationts who had right heart angio- 
cardiography, bilateral multiple periplieral pul- 
monary stenosis was well demonstrated but 
hemodynamically less significant. The re- 
maining 3 paticnts did not yet have right heart 
angiocardiography. Multiple peripheral pul- 
monary stcnosis to a morc or Jess significant 
degree is to he expected in these patients. 

Gupta and Wiggcers’® have shown that in 
coarctation of the aorta the lumen of the aorta 
must be reduced by 55 to 60 percent before 
Ieft ventricular and aortic pressure rises. It 
is also well known that in aortic and pulmonary 
stenosis the orifice of the valve must be narrowed 
considerably before the pressure proximal to 
the stenosis will be significantly clevated. 
Riley and co-workers,** in their classic paper on 
the hemddynamics of the pulmonary circulation, 
shave demonstrated that the pulmonary circula- 
tion has a large reserve capacity. Therefore, 
peripheral pulmonary stenosis must be present 


to a considerable degree before pressure at rest - 


rises in the main pulmonary artery. Dean and 
co-workers have pointed out that in multiple 
peripheral pulmonary stengsis the pressure 
tracing from the main pulmonary = artery 


proximal to the stenosis has a characteristic - 


contour with a low diastolic pressure and a slow 
rate of ascent. Our 4 paticnts with marked 
elevation of the pulmonary artery pressure zlso 
had a low diastolic pressure, but in contrast to 
the finding of Dean and co-workers,” there 
was a stecp ascent in the pressure tracing of the 
main pulmonary artery. ‘The pressure tracing 
of the right ventricle exhibited the featurcs of 
an isometric curve giving a symmetric, pointed 
tracing, similar to that of patients with pure 
pulmonic stenosis. Wigecrs® has also com- 
mented on tie decline of the diastolic pressure 
proximal to a coarctation of the aorta. Ac- 
cording to Wigycrs,™.* this is the result of 
reduced capacity of the aortic compression 
chamber and its increased volume clasticity 
cocficient. ifsuch a compression chamber with 
a reduced distensibility reccives a normal 
stroke volume, the systolic pressure rises and 
the diastolic pressure decreases. The situation 
is similar in peripheral pulmonary stcnosis. 
Sinee_Séndergaard® called attention to the 
clinical significance of postvalvular pulinonary 
~s{cihosis in 1954, several cases, have been 
- ee pegs camer’ . 


reported." 49) Wowever, the total number of 
patients diagnosed as having this malformation 
is st small. It has been diagnosed only since 
the introduction of selective angiocardivg. 
raphy." The terms “coarctation of the put. 
monary artery,” “postvalvular stenosis «2 cue 
pulmonary artery,” “s > ravalvular pulmonary 
artery stenosis” and “peripheral pulmonary 
stenosis” have been uscd to designate thes 
lesions. Peripheral pulinonary * stenosis may 
occur as an isolated lesion, or it may be as 
sociated with other cardiac defects. It may be 
a single stenosis or it may occur at multiple 
sites of the pulmonary arterial tree. In a high 
percentage of the cases reported in the literature 
the main pulmonary artery pressure was normal 
or only slightly elevated. Williams and co 
workers discussed this phenomenon in detail 
and pointed out that there are certain pitfalls 
in the diagnfsis if it is based on catheterization 
findings alone. As may any congenital mal- 
forination, peripheral pulmonary stenosis may 
vary widely in its dcyrce of severity.™ ‘Its 
presence in all of the paticnts of this scrics who 
have had right heart angiocardiography is 
highly significant. ‘The ctiology of supra- 
valvular aortic stenosis and multiple supra- 
valvular pulmonary stenosis, occurring in the 
same paticnt, is probably closely related. 
Combined Aortic and Pulmonie Supravalvular 
Stenosis: Only a few cases of combined aortic 
and pulmonic stenosis have been reported.“—# 
These cases may prescnt some diagnostic dif- 
ficul:ies, since the clinical picture may be 
dominated by one of the two Iesions. The 
electrocardiogram of such paticnts may show 
right ventricular hypertrophy and only minor 
signs of Ieft ventricular hypertrophy, or pre- 
dominant IcA ventricular hypertrophy. Only 
combined Ieft and right heart catheterization 
and angiocardiography clear the situation. The 
coexistence of hemodynamically significant mul- 
tiple peripheral pulmonary stenosis in cases of 
supravalvular aortic stenosis is of importance 
for the surgical management of these patients, 
since multiple peripheral pulmonary stenosis is 
inoperable and may cause considerable dif- 
ficulties in the postoperative period following 
correction of supravalvular aortic stenosis. 
Dental Characteristics: ~The outstanding and 
most frequent dental malformation is the 
reduction in size and the gencral hypoplasia of 
most of the teeth. Particularly the upper 
middle incisiors are involved. Not only their 
size is abnormal but also their form. The 
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malformations of the 
This seems 


tone have additional 
deciduous molars (bud-shaped). 
tw be specific. Partial anodontia and late 
pineralization§ of several teeth are closely 
aaciated with the reduction in size and form 
of the teeth. This is a hetcromorphous ex- 
pression of the degeneration of the anlave which 
ako causes the gencral dental hypoplasia. 
Sonne of these dental malformations of the 
children with supravalvular aortic stenosis are 
extremely rare among other children. There- 
fore, the high percentage of its occurrence in 
these patients cannot be an incidental finding. 
Miese children also have hypoplasia of the 
mandible; the horizontal branch is too short 
as compared to the vertical branch, and the 
mandibular angle is Jareer than normal. This 
responsible for the peculiar facial 
appearance of these children. Unusual dysg- 
nathism is present only in the boys. They 
have expansion of the mavilla and compression 
of the mandibule that result in severe nonoc- 
clusion of the tecth., 
Pathogenesis of the Syndrome: The association 
of mental retardation with the close facial 
res ublance of these children and the presence 
of clinical siens of aortic stenosis has Iced to the 
correct diagnosis of vg io sd i aortic stenosis 
in the 4 patients of Williams and co-workers? 
and in our paticnts.’ At that time it was 
succested that we were dealing with a pre- 
viously unrecognized syndrome, but there 
remained some doubt because several patients 
had been reported in the literature who had 
supravalvular aortic stenosis but a norma) facial 
appearance and a normal ipental capacity. 
After sccing the additional patients described 
in the present report and after the recognition of 
cthenvise unknown or very rare identical 
dental malformations and multiple peripheral 


is. partly 


pulmonary stenoses, we hay¢_no doubt that this, 


jsa syndrome. It still needs to be explained 
why there are. paticnts with supravalvular 
zortic stenosis withous mental retardation 
and the peculiar facial appearance and prob- 
ably also without additional peripheral pul- 
monary stenosis. The type of supravalvular 
aortic stenosis present in our eleventh patient, 
who had uniform narrowing of the cntire 
ascending aorta, certainly does not belong to 
this syndrome, 

The presence of peripheral stenosis in both 
ercat vessels points toward the possibility that 
defective formation of the aortic septum is 
tesponsible for the tendency of generalized 
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hypoplasia: and Jocalized narrowing of the 
aorta and of the pulmonary artery. This is a 
disease, with. hypoplasia__of -several__organs, 
uiarty of both great ‘vessels, the teeth and 
the mM: andidy Ic,a and prob: Wily ‘also of the cerebrum, 
According to our observations on: this subject, 
the syndrome consists of supravalvular_aortic 
stenosis. multiple pe ripheral prlinonary stenosis, 
mental retardation with _2_characteristic. facial, 
Appearance ince, otherwise € rarcly occurring complex 
dental malformations and with the frequent 
association of strabismus convergens concomi- 


tans. 
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SumMMARY 


A series of 10 paticnts with supravalvular 
aurtic stenosis and a similar facial appearance 
with mental retardation is described. ‘The 
patients have identical dental malformations 
in addition, and 7 paticnts examined by right 
heart angiocardiograpfiy have multiple, bi- 
lateral peripheral pulinonary stenosis. Periph- 
cral pulmonary stenosis is also expected to be 
present in the remaining patients. The clinical 
features and the findings obtaincd at cardiac 
catheterization, angiocardiography and opera- 
tion are discussed. Chromosoni: studics on 
3 of these patients have been negative. It is 
suggested that defective formation of the aortic 
septum is responsible for the coexistence of 
peripheral stenosis in both great vessels. The 

malformation is characterized by hypoplasia of 
several organs. 

The findings represent a new syndrome: 
supravalvular aortic stenosis, peripheral pul- 
myunary stenosis, mental retardation, a certain 
facial appearance and complex dental mal- 
formations. 


ADDENDUM 


Meanwhile, right heart angiocardiography 
has been performed in Patients 2, 4 and 6. 
Multiple peripheral pulmonary stenoses are 
also present in these patients. Since the sub- 
mission of this paper, it at ee heen Pee “ 


Se gi Tadibnal lc cen. with the same 
combination of lesions. One of these children 
docs indeed have a history of infantile _hyper- 
calcemia, The findings on this patient and 
the observations made on a patient with ine 
faniile hypercalcemia _ without any c cardiac 
lesion will be published clsewhere. i. 
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Docuncatation of a New Syndrome 


Riciiann Gancia, MD, t Wienian Fo Faipatan, M.D. Micuann Mo Kanacw, ]M.02.,§ 


PECULIAR facies sungesting kinship has been 
A found in some ‘nonfannitial cases of sup ravil- 
tnhir aartic: stenosis in childhaad.* Ta addition, 
ichas been recognized that infants with idiopathic 
japerealcemia have a sather characteristic “elfin™ 
facil appearance. Recently described are a group 
folder childien with “aortic stenosis” and an “elfin” 
fies. An illness during infancy in’ each patient 
was suggestive Of idiepathic hypercalcemia? "Their 
facies. appeared identical to those. of patients with 
aapavalvular aortic stenosis described by others.?"* 
It secms unlikely that this remarkable’ similarity is 
coincidental. o 7 
Although an’ association between idiopathic hy- 
jerealainia and supravalvular aortic stenosis has 
tecn alluded to in the recent literature?’® no proved 
ave has thus far been reporied. The purpose of 
iis paper is to present such a case and to establish 
this association as a clinically recognizable syn- 
drome. : 


“ Case kironr 


¢ 

CS. (JUV 108-01-12), a 9-month-old boy, was admitted 
far the 2d tine to the Hartiet Lane Wome for evaluation 
fpychomotar retardation and anacked muscular hy potenia, 

The family history was pertinent in that an G-year-old_ 
rate sibling had severe mental retardation, Vhs ehiing 
efeed primary and xecondary apnea at birth, and a con- 
uulkive disorder subsequently developed. Vis facial appear- 
are did not surcest WV derealeriita: We was normotensive 
ad had no cardiac me unur, There was no' renal dysfunc- 
ten: calcium and phosphorus and chotesterol determina. 
teas yielded normal results, Rocntgenonrams of the honcs 
sacno evidence of cartier increased minerslization. 

The past history disclosed that the paticnt was the prod- 
=tof an unccinplicated 9-month gestation, Labor and de- 
Taery were normal The birth weisht was 3685 gm. (8 
junds, 2 ounces), The neonatal course was not unusual, 
He was fed a standard evapoated-milk formula (400 units 
fsitanin D per quart) and reecived 1000 units of vitamin 
N daily as a vitamin supplement. At the age of 5 months 
‘owas referred hy Dr. A. C. Kolls to the Harriet Lane 
Hane Cardiac Clinic for evaluation of cardiomegaly and 


adic murnur., A diagnosis of vrlvular pulmonary ste- - 


“we was cutertained. At G month: e are an uncomplicated 
‘iateral inguinal hernierthaphy was perfoined, At fol- 
“woup visits it became increasingly evident that the patient 
sat failing tu attain normal developmental milestones, At 


“Fron the Deqortioread of Pediatrics and the Harriet Lane Home Care 
“ar Chute, Joti Mopbing Menpital. 
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Pe hateses, Johan Hoplics Be pital, 
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the we of Viaenths he was unable to sit with support or to 
crawl, adhe fad a weak ery. 

Vhesteal examination chewed bin to be fa dhe 10th pere 
centile for heieht cand in Jess than the Jd percentile for 
weight, ‘Phe blood pressure was 150/62 10m, of inereury 
in the sieht, and 126/60 mm. in the Jef! ann and 
110/70 iim. dn the Iower extremities, The facies was elfin 
(ig. 1). Slit-lamp examination disclosed bilateral lentieu- 
Jar opacities compatible with calcium: deposition, Marked 
muscular hypotonia was evident. There was dininished 
muscle mass, poor moter control and sywietrically hy- 
peractive deep tendon rcfiexes. Cardize exunination fee 
sealed a richt precerdial lift and a diffuse apical impulse, 
A systolic thiill was palpable over the upper sternal tors 
ders and in the sopraternal noish, The 2d heart sound 
split normally wah cespiration, and hoth aortic and  pul- 
monary-valve clovire sounds were easily distinguished. A 
Grade 4 (on the basis of 6) systolic ejcction munuur was 
heard amasinnally aver the: right and Icft upper sternal 
horders and racicted over the entire precordium, inte 
the neck and te aie back. No manifestations of congestive 
cardiac failure were present. . 


The hemogram revealed a anild normochromic, noimocytic 
anrmia. Usinalyses showed acid pH, occasional pyuria and 
microscopical hematuria without bacilluria. Urine cultures 
were sterile, A W2-hour wine concentration test yiekled 
a specific wravity of 1.015. Standard uses clearance, core 
rected for body-ciaface arca, was 27 per cent of the normal 
value for the pavent’s age. The creatinine clearance was 
similarly weduced., The serum chemical findings were xs 
follows: sodium, 140 millicquiv,, chloride, 100 anilliequiv., 
potassium 4.5 milliequiv., and carbon dioxide combining 
power, 21 ailliequiv. per liter; urca nittogen, 18 and 30 
ing.,, total Tipids, 1.9 gin, total cholesterol, 165 mg,, eal- 
chan (iucthod of Varrison and Harrison’), 13.1 and 13.8 
mg., phosphorus, 3.8 and 3.2 ing., alkaline phosphatase, 
2.8 Bodansky units, total protein, 64 gm., albumin, $8.5 
gin., globulin, 2.6 ein., protein-bound hexosamine (meth- 
od of Winslei®), 215 ing. and vitamin D assay (method of 
Hell ct al.®), 1540 units per 100 ml. (nownal, 60-400 units). 

Rovntyenologié examination revealed considerable selero- 
sis of the bony calvarian and base of the skull, as well 
as diffuse osteosclerosis of the long bones: and veite- 
bras (Fie. 2). An inuavenous pyclogram was normal. X-ray 
study of the chest disclozed an increase in the cardiomegaly 
first noted at the age of 5 months. . 

An electrocardingram showed a vertical electric position, 
right-axis deviation and combined ventricular hypertrophy, 

Cardiac catheterization with sclective Chieanpineatehur 
raphy was performed, The artevial catheter was ad- 
vanced to the ascending acita, but it could not be passed 
across the aortic valve, The venous catheter was advanced 
to the main pulmonary artery, The catheterization data 
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are presented in Table 1. There was a systotie gradient of | 


21 mim. of mercury across the pulmonary valve. A’ cine- 
cagiogiom in the deft anterior oblique position after in- 
jection of contrast material inte the main figs) artery 
suinnested guild stenosis at the origin of the left pulmonary 
artery. A thickened, abnormal pulmonary valve was idene 
tiled. A 2d cineanmiogrant with the catheter in the as- 
cending sorta ditt to the aortic valve (Fig. $) demon. 
strated a supravalvulan aortic narrowing, with a supravalvular 
aortic dinphyaent, a dilated left: coronary aay and snild 
aortic insificieney, The wall of the left ventiicle appeared 
strikingly thickened, ‘ 
Surpical cerccetion of the cardiovinculsr anomalics was 
not decmed feasible at this age, The patient was plieed 
on a low-calcium diet with no added vitunin D and was 
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Frourr. 1. Appearance of the Petient at Ning Months of Age. 

The fhysiognomy is characteristically “elfin.” Note the high, prominent forehead, ehicenthel fotds, underdeveloped bridge 
of the nose and mandible and overhanging Upper lig, | 

discharged to he followed fn the Outpationt Departinent. ya} scram) phosphorus and nonnal er low sep una ° 
beg 114 mg pan a0 eet ination 3 weeks after discharge alkaline phosphatase levels. Systemic hypertension , 
: and cardiac. murmurs are camnion, This syndrome, 

Discussion ' (as well as the milder form described by Light. : 

a » Wood,3*49 jg etiologically related to vitamin J sd! 

The syndrome of idiopathic hypercalcemia do. Ministuation and Metabolisny,28-8 : 

scribed by Punconi et al. consists of growth and Autopsies have not revealed that a congenital | 
mental retardation, irritability, anorexia, vomiting, — cardiac Anomaly is the cause of the commonly heard ; 
muscular hypotonia, an elfin, facies and &eneralized — cardiac munur.*® Black and Bouham Carter? ye | 
osteoscleiosis. There js renal dysfunction, often as. ported # group of cases With the facies of hypereal. | 
sociated with infection, and hyperealcernia, With nor- ” cemia and the mermur of aortic stenosis. Documen- 
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A : B ' oc 
Frovar 9, Roentyenogeams of the Shull (A), Pelvis and Fong Doues (0) end Spine (C). : 
There is appreciable sclerosis of the calvaria and hase of the shull, ac well as diffuse ostevsclerosis, with bands of increased 


density at the metaphyseal ends of the long bones and the Chiphyseal margins of the vertebras,. 
: : ‘ : t uy ’ 
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tation of hypercalcemia was absent in all their 


paticns ats, and the cardiac lesion, suprav alvular aortic 
stenosis, was described in only 1 patient. These 
authors postulated that the myxomatous thickening 
of the aorta found in their case and the similar 
pathological changes found in the aortic valve in 
the case reported by Rashkind ct al?* were ree, 
sponsible for the cardiac murmur. The similarity 
ketween the cardiovascular abnormality seen in’ 
acquired vitamin J) intoxication and idiopathic hy- 
percalcemia has also been recognized. Excessive 
vitamin J) administered to animals has been shown 
fo produce changes in the wall of the aorta, coro- 
nay arteries and heart valves that range in- se- 
verity from subendothelial edema to caleification..°*? 
It is interesting that the Icsions on the rat and rabbit 
acta sccm to begin and predominate just above the 
aortic sinuses. : 

The triad of mental subnormality, unusual fa- 
cial features and supravalvular aortic stenosis is now 
an established clinical syndrome." Tt is probable 
that most, if not all, of the* patients thus far de- 
scribed were born with supravalvular aortic stenosis. 


* . 
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Fictrs: 8. Cineaortopram Token at Nine Af fonths of A 
Shutcing Supraveloular Aortic Stenotit (Arrow) a Short 
Distance ebove the Aortic Valve, 


Note the enlarged lft ¢ onary artery, 


HYTIERCALCEMIA AND AOKTIC SUENOSIS - 


y19 


GARCIA NT AL, 


Vhe findings in the patient deseribed above sug: 
gest that idiepathic hyperes Veemia is also a featine 
of this syndrome. Wt is not yet certain, however, 
whether the hypere alecmia is one component of a’ 
genetically detenmincd muitiple-systemm abnormalti- 
ty or whether the total syndrome stems from a de- 
rangement of vitunin Vo imetabolian, The probabil- 
ity that the cardiac lesions in the present case are 
congenital dees not preclude a metabolic disorder 
in utero, ‘Vhe implication is suMcient to warrant a 
-najor effort to obtain detailed studies of other pa-_ 
tients and their farnilics. 


”“ 


Susmmany anv Conciusions 


An infant with severe idiopathic} hyperealcemia 
associated with supeavalyular Aortic stenosis and 
Valvlar and postvalvular pulmonary stenosis is de- 
senibed. ‘To our knowledge, this represents the first 
proved associatioy: between the aortic Iesion and 
idivpathic hypercalcemia. This case suggests the 
possibility that idiopathic hypercalcemia is part of 
the newly recognized syndrome of mental subnor- 
mality, a peculiar facies and supravalvular aortic 
stenosis. “he characteristic facies scen in cach of 
the two syndromes appears identical. 

Attention is called to the similarity between the 
cardiovascular lesion scen in experimental vitamin 


"D) intosieation and idiopathic hypercalcemia, 


Since this paper was submitted for publication complex 
dental malformations and peripheral ag digiee stenosis 
have been described in association with the syndrome 
supravaly ular aortic stenosis, mental retardation and peculiar 
facics.” 


We are indclied to Dr. Harold E. Harrison for pere 
forming the serum ealcium detenninations, to Dr. Olua 
Baghdassuian for reviewing the recentgenograms and to Dr, 
Rebert L. Cooke for his helpful sugecstions. Mr. Walter 
Yooper and Mr. Gien Shue, of the United States Food 
and Drug. Administration, Washington, D. c., kindly pere 


“formed the vitamin J) assay. 
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CATECHOL AMINE We .-“ABOLISM IN ESSENTIAL ITYPERTENSION® 
SHANNON Brunjes, M.D.F 


3S ANGELES) CaLiror NIA 


ECAUSE both norepinephrine ane “™mpathetic 
2 stimulation produce vasoconstrict:. ~ there has 
been inuch speculation about the role ¢* “cerepineph- 
tine in essential hypertension, Vyperts: ve patients 
have been shawn to be More sensitive t. -ofused nor. 
epinephrine than normal persons.) Mote recently 
drugs that affect cither the tissue tr vis, or the 
metabolism of norepinephrine or o:! -- ‘catechol 
amines have been shown to have mart.-: entihyper- 
tensive effects.? a. 

The majority of reported studies 7 catechol 
amine exerelion jn hypertensive paths: indicate 
Heianal on moderately elevated values or urinary 
catechol amjnes.?-) Several studies ha: - own sig- 
nificantly lozeer exeretion in hyperter.::: * pationts 
than in nonnal Ppersons.7° Vanillyhins “iclie acid 
(VMA) excretion jn hypertensive paticr:” has been 
Feported as normal, elevated! or ww" De. 
‘termination of the O-methylated* derive: *s of ep- 
inephrine and norepinephrine, metans - “ine 
nonnetancphrine respectively has show -< no dif. 
ference between hypertensive patients 2-2 normal 
Controls,?-20.37,99 

It seems that the most valid apprezch to the 
study of catechol amine metabolism J: essential 
hypertension would be to investigate ** + urinary 
excretion of catechol amines and cates* 7) amine 
metabolites by the most specific and ser.-“tive pro- 
cedures available, Ratios between the - .sous MGs 
tabolifes should be determined as well ¢: absolute 
rates of excretion. Such ratios? are uy:!.) in that 
the marked Variation in the absolute acnount of 
catechol amines excreted may mas): slunificant 
changes that could be identified if 13. relative 
amounts of the various metabolites were: fampared, 
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M ETIONS 


The urinary excretion of catechol amines ap 
Keir metabolites Was studied in 73 patients wit 
essential hypertension and in 47 apparently norm 
Persons with normal blood pressures. None of th 
hypertensive patients had taken medications for 2 
least four weeks before the urine was collected, 

Thirty-cight of the hypertensive patients were an 
patients of the Hypertension Clinic, and 35 wen 
inpaticnts on the medical wards, They were nev 
selected execpt for the exclusion of thos on medi 
cations. ‘The normal control group consisted @! 
laboratory and hospital personnel and their rela. 
tives. None of the siormal subjects were taking oned. 
ications. A}} subjects were ambulatory during tly 
collection period but did not engare in any strony. 
OS activity such as Clinbing stairs, Although diet 
Was not controlled, none of the subjects had re 


cently eaten bananas. The majority of the speci- 


Mens were collected in the late morning or just he. 
The laboratory methods used were as: 


fore hinch. 
follows: 


Epinephrine (E) and Norepinephrine (N) 


AMINES Were 
CG-50 (ammonium jon fora) 
being used for the initial separation, The catechal 
amines were oxidized With potassiun ferricyanide 
at plI 5.5 and tautomerized to fain indoles by the 
addition of an alkaline ascorbate solution Stibilized 
With ethylenediamine, Internal standards of both 
epinepliine and Norepinephrine were used for cach 
All the oxidations were done jy 
Fluorescence Measurements were made 
With a modified Farrand filter Nuorometer With “the 
use of two sets of interference filters, one with an 
excitation Wavelength of 390 Millimicrons and 9 
Nuorescence Wavelength of 500 Millimicrons and ap 
second set with Wavelougdd of 430 and 520 auilli- 
Inicrons respectively?" . 
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Underdevclapment and Chara toraie Facies 
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Con: enitul sapravalvular aartic steeds is 
Cyte fora vrs ety Of anenndies in the presto | 
portion af the ascending aorta. Ciinieds, 
however, the most important lesion is a oie. 
cular constriction of the aortic wall aleve 
the valve cusps. In certain pationts with vcs 
ype of anomaly, the supravalvuliag aecice 
stenosis conotittites one element of a clinica! 
svindromne nicked also by impaired srowi's, 
mental dencioney, and a characteristic facia 
Appearances Three patients with the features 
of this syndrome have been’ seen jn this 
hospital since 1955.) The purpose of this ie. 
perl is to present these patients whose syne 
drome was first described by Williams et a] 
in New Zealand. 


Case Reports 


Case 1--Pationt 1 Was scen at 8 veurs of ase. 
He was horn Prematurely and his physical sera ds 
ed mental developmuaitoawere elated. die ts. 
ey semen te s A : 
freurat Jespinatory infections, CNertional deta s, 
and! fetton fux sera yes A heart worn mar 
Was discovered at the are of 214 veares Te a 

—— aN Slat 
his six hlines Were also meatilly retirded, 

ee Oe err eee = Pte 8 emncea te 

Physical examination revealed the develomneit 
to he Inteos the third pereentite: height, inches 
CUILS canes weight, 87 Ib CIOS kis) s head: cineumn- 
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ference, IStG inehess chest circumfereme, 22 


ieies, Mild wi ig of the seapule, dersemn 
vetorbiare, nubd cueatus varus, and interalincitil yy ef 
Hinot the ongers were ith present. ‘Whe cardiag 
apral inpule was forceful. Tt was pa'puble over 
he upper stern saad enrotid artetion. AO prade 
A/G se tolies ejection. mmrmur was heared Povlesg 
inthe vicht seven Infescostal space, Mt was 
transmitted throuehoat the chest aed te the carotid 
teres, Ube smptionde of the rinht arm pulses 
Way bore than the left. The Mood pressure was 
120,'S0) nun Vyy in the right arm aod 98/70 wm 
Vis- in the leit riya Ldis unsnal facial features 
Were nol rvounized However, stidy of the photo 
Mepis CVs 1) showe the liver,ent. steabisnne 
TL the conese partion: Nips Which are net fanily 
Feats, A psychometric Cntmieation redeated 
Ament age of d years wind an 10 of 47, 

The FCG showed lefr Ventricuhie hy pertiphy, 
The radiographs demonstrated x bone aye of g 
years, A actrograde felt ventricular Msiogram, 
dave when he was 13 years, outline) an aonnlar 
Com triction of he wscending aorta innmedistely 
abeve the orisin ef the coronary arterice (Wigs 2). 
The left ventricle was hypertrophied. The coronary 
arteries were normal, 

Open heart surgery was performed at the age 
OF TE sears aind the iunsiocardiographic firings 
Were contimed., A Fellon patch was sifived in a 
Vertical incision made throush the constricted area, 
AC the tise af operation, the peak systolic pressure 
gradiont Ietweon the lett veutricle and the aorta 
distal to the constriction. was 145 wn Wer before 
wd 100 after the proeedure, “The yo leqerative 
Conese was conplicated by puenmonia tad Staphy- 
loceveus omens sepheoemia with ate ess formae 
tien at the site af the prosthesis, A false ancuryem 
formed at the root of the torte and dater bean 
to teak. An attempt to resect the ancurysin was 
Wsuecess ful aad the ystient died, as 

Vhe jastmortan examination tevewlad fibrinons 
thickening: of the rpicardinn and pericardiun und 
TMLenmatery chances in’ the tegien of the haee 
Of the Neat. There was Jef. ventricular livper. 
trophy with a myocardial thickness of 22 gon aud 
Aswad) ventricular cavity. The heft coronary amd 
HOWCOTOMATY CHsps were normal. The tight corn 
WAL Cusp vas hypoplastic amd fused at its Superior 
Mette to the sortie wall, making a pouch from 
which the coronary artery oripinatead. This pouch 
communicated with the aortic Jumen only thiroigele 


SON Se pie oo epee: 6 


bell a ah iene oe ee 


ner nes tne Oe REE. Se ne ne eee anereee 
LTT. RS a es cee, detainee - - - 


ae ae 


a ct oe ee 


| 
| 


Statham, * 


ww 4th eene = 
LY as 


teow’ 


SOs eh eee the ee eee 


106 mie 


i 


AMERICAN JOURNAL OF 


Oe ee Bhi : 


Fig 1 —.4, case 1. B, snapshot of the patient 
appearence is not a fumily characteristic. 


a lomm ostium. The aortic valvular cireemfere Se 
wis 4.3 cm. The circumference of the sorta at 
the level of the patch was 22 cm and dists’ to it, 
28 cm. 


Cast. 2.—The patient was & veate ol. She hada 
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wb mental development were slow. - 
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anong his siblings emphasizes that his abnormal 


Physical examination revealed vhysien! develew 
mentto be belaw the third percentife: heizht, 4314 
es epee 
inches QUIS em), wait, 28 Ib C72 eas). Her 
facial sprenrance wits ontirely diffgccat from that 
at fier only siling (Fig 3). The characteristic 
features of ler faee were a bread frectead, 
e8eirs Us eh be ge depressed deride oF ib 5 
nore, full cliccks, and ceurse pouting lips. ‘The 
—_— weer eee 


Fig 2 (case 1).—Left ventricular and supravilvular angiograms demunerate the Tecion, 
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SUPRACLAVICULAR AORTIC STENOSIS 


digs a ., 
Vig 3—Cace 2 has facies characteristic of this 
syndrome. Her sister is seen with a vormal face 


Inart size was normal Ao eestolic thrill was pal- 
ible over the riaht first anTosccom! intercostal 


secon, suprastermal notch, aul curtoid arteries. 


Fig 4 (case 2).—Veft ventricular 
valvular aurtic constriction. 
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A prade 5/6 systolic ejection murmur yes aodible 
best in the right send mtercostul space and was 
well transmitted to the neck There was a right 
inguinal hernia. In her fine movements, slight 
incoordination was noted. A prychemetric examinae 
tion revealed a mental age of 43 years and an 
10 of 60. ‘ 

The chest radiograph showed a concavity at 
the right upper border of the cardiac shadow. The 
left ventricular angiograms demonstrated hyper- 
troph& and dikdatton of the left ventricle. There 
Was a circular narrowing in the ascen ing aorta 
inanediatdy alove the ‘origin. of the “coronary 
urteries with a slight poststenotic dilatation 
(Fiz 4). 

Open heart surgery was performed during which 
the coarctation ind other an tocardicgraphic find- 
ings wore confirmed” We sortie wall was thieke 
ened. The nortic cusps were nord. A patch of 
woven’ Teflon wes inserted in the stenotic arca. 
The peak systulic pressure gradient between the 
Jeit ventricle and the femora} artery, at the time 
of operation, decreased from 73 nun Ng prior to 
the pccdure to 35 following it. 

A postoperative left’ ventricular catheterization 
reveaked a 40 nan My peak Systolic pressure 
fratient in the ascending zorta across the stencsis 
(Viz §). She remains asymptomatie. 

Case 3.—Potient 3 was scen at the aye of & 


Mears. He was born Praneturciy us the fourth 
pemeaite : 


angiograms outline the hous glass appearance of the supra- 
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Fig 5 (case 2).—The withdr wal pressure tracing 

froin the left ventricle to the aorta above the 
stenosis. . 


child of the mother and the only chikl of this 
family. A heart murmur was heard at 6 weeks 
of ace. His growth and mental decetoptent Were 
slow. He was active and asymptomatic. 

Physical examination revealed a highly verbal 
but nicntally retarded child with physical develop- 
ment between the 10th and 23th percentile. He was 
4914 inches (124.5 em) tall and weighed $4, Ib 
(23.1 kg). He had characteristic facial features 
consisting of esotropia of the right eve, coar:¢ full 
checks, depressed Trood nasal britec, and _ thick 
poms lips (hig 6). The suprayaivitir location ut 
the aortic stenosis was clinically suspected from 
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Fig 6 (case 3).—Photograph of patient and two 
half-brothers emphasizes the characteristic specitic- 
ities of the face in this syndrome. 
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his facial appearance. He had mixed astigrratism 
of both eyes. A marked carious destructin of his 
permanent_tecth was noted. A systolic thr! 

felt in the right first and second intercostal scarce, 
. e —_ Sternal notch, and over 1 neat . 
in fhe suprasternal notch, and over the carat! 
arteries. The apical imyutce was forceful and patjae 
ble in the fifth intercostal space 9 em from mid- 


Fig 7 (case 3).—Leit ventricular and aortic angiograms demonstrating supravalvular stenosis. 
Regurgitation of the contrast suletsnce into the lef atrium indicates mitral insufficiency. A 


minor isthmic aortic constriction was present 


> Oo i = - < 


sme - ene my ee - 


but prealuced no pressure gradient. 


ante mae 


oe ee wee 
¢ x . 


{> 


oy f 3 
ee” 


Seats e 
¢ odes 
ete a 
ie mene ice 


2 . " . 
. . 
A em em te et ile ce ete ret eine = Ben 2s ete: 24m 


Sa 
nn cre er = err ee se ere 


Voi 108, Ovt, f° 


’ e ‘ ae A 
. Vb db bee BE Ome De Ae he bee ete ee, i - . * owed . a hen 


song DF 


149 Lv. Svupreveievier Aree Aoste 


E622 


A 


a) Kh aT 
NAAR 
AWA 


HNN 


Fig 8 (case 3).—The withdrawal pres-ure tracifig 


area 


line. There was a grade 4/6 systolic ejection 
murmur audible in the right second intercostal 


guce which radiated to the neck and spine. The 
aortic closure sound was increased. The blood 
pressure was 125/60 mm Hq in the right arin and 
110/50 mn: Hg in the icft arm. There was a mild 
typertonicity of the legs. A psychometric exami- 
ration revealed a mental age of 414 years and an 
10 of 33 


Eeit ‘sentileular angiography demonstrated a 


circu. aie ¢) ‘struction Imme cle 7 a HUOVe the “oni of 
fone Yarterice (Fig a Tn a addition, it also 
Sowed sficht mitral regurgitation. The aortic valve 
<ak foriial. The left carotid arose from the in- 
nominate artery. There was a 40 mm Hg peak sys+ 
“tlic pressure gradient across the Stenotic area 
{Fig 8). He remains asyniptomatie. 


Comment 


The findings in our three patients and in 
cight others reported by Williams? and 
Heuren ? indicate the presence uf a rare con- 
genital syndrome which consists of supra- 
valvular coaretation of the aorta, mental 
retardation, physical underdevelopment, and 
a characteristic facial appearance. 

The cases already recognized have all been 
childyen between the ages of 5 and 12 years. 
However, the diagnosis can be made during 
infancy, since the cardiac murmur is pres- 
ent at birth and the other features betome 
evident during the first year of life., 

Prematurity and low birth weight have 
teen common but not constant features of 
this syndrome. Two of our patients were 
Premature, 

Inadequate physical and mental develop- 
ment are constant elements and present 
‘ince birth, Failure to thrive becomes ob- 

“ots to the family in early childhood and 
Senstitutes their only complaint in the ab- 
“nce of cardire symptoms. The degree of 


Vary. hi et al 


across the aortic valve arid supravalvular 


‘ 


mental deficiency in the reported patients has 


varied from mild to ‘moderate with intelli-- we 


gence quotients ranging from 42 to 7Z. it 
is of interest that prior to the recogzition of 
this syndrome, mental retardation was noted 
to be frequently associated with supraval- 
vular aortic coarctation. Moreover, in all 
reported patients with annular supravalvular 
aortic stenosis not associated with skeletal 
features of Marfan's syndrome, mental re- 
tardation has accompanied physical underde- 
velopment. It should be added that the 
absence of mental retardation in isolated 
supravalvulir aortic coarctation as well as 
its relative inirequeney with other types of 
aortic steneris suggests that the mental in- 
sufficiency is nut a simple consequence of 
the aortic obstruction. 

An interesting clement of this syndrome 
is the striking facial appearance. This is 
sufficiently characteristic as to permit a bed- 
side prediction of the aortic lesion as has 
been our experience in the third patient and 
those of Williams and Peuren and their as- 
sociates. The prominent features of the ab- 
normal facies consist of esotropia, broad and 
depressed nasal bridge, coarse pouting lips, 
and heavy cheeks. The resemblance of these 
patients to one another and their dissimi- 
larity to their own family members is evi- 
dent. 

The supravalvular aortic stenosis repre- 
sents the most important part of this syn- 
drome causing symptoms and limiting the 
longevity of these patients. Among the vari- 
ous anatomic types of this anomaly, the an- 
nular constriction of the aortic wall at the 
origin of the coronary arteries has been the 
only variety seen in ail of the reported cases, 
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Mencarelli ¢ first described this anomaly, and 
its yathology was fully studied hy Verou & 
who classified it as “true” supravalvular 
aortic stenosis. Other obstructive lesions of 
the aortic root such as membranes or fibrous 
bands, if not combined with coaretation, 
bear no known relationship to this syn- 
drome. The degree of obstruction varies 
from mild tu moderately severe. The peak 
systolic gradient, obtained at the time of sur- 
gery or during left ventricular catheteriza- 
tien in the 21. published cases has ranged 
from 38 to 14) nun Wg. The cardiac symp- 
tums have shown no proportional relation to 
the systolic yradient across the stenotic area. 
None of the patients reported by Williams 
had any cardiac symptoms and their gradi- 
ents changed from 38 to 100 mm Hye 
Veuren’s cases, however, were all limited in 
exertion and had gradients ranging between 


50 and 160 mm Ily. Our first pavient with ” 


gradient of 145 nm Wy had limited exercise 
tolerance. The other two with gradients of 
75 and 40 min ig were free from any 
sy mptomss. 


It is of note that supravalvuler aortic co- 
arctation has been repeatedly found as an 
isolated lesion without the presence of other 


Clements of this syndrome. We have ob- 
served two paticnts, ape 6 and 13 years, with 
gradients of 130 and 110 on Hy across the 
supravalvular coarctation. They were bath 
normal in development, intelligence, and fa- 
cial appearance. 

In addition to these major features, our 
priticnts have all shown variable degrees of” 
carious destruction of their teeth. Our. see- 
ond pationt had slight incoordination in her 
movements, The third one exhibited hyper- 
tonicity of the lower extremities, 

This syndrome is conyenital in origin but 
its etiology remains unknown. Iypereal- 
cemia Of infancy ® has been sujpested as a 
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possible cause. Chromosomal studies ™ have 
revealed no abnormality. 


Summary 


A syndrome is described which includes 
supravalvular coarctation of the aorta, a 
characteristic facial appearance, impaired 
growth, and mental deficieney. The patients 
with this syndrome may become restricted 
in their activity in childhood and eventually 
iiahivien cardiac failure. 

“he diagnosis can be made on physical ex- 

‘uation. This reveals a peculiar, fat char- 
weristic facies, sms of obstruction of the 
left: ventricular outflow, iad physied and 
mental underdevelopment, 


The three patients presented in this article | 


Dring the total number of the reported cases 
to Iz, 

This syndrome is congenital and the etiol- 
ogy is unknown. 
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The sync One of ihiopat bic hype calcentia of 


Anfency with associated congenital heart disease 


The relationship of idiopathic hyercaleemia of infancy with the syndrome ef 


supreveleular aortic stenosis endfor poripheral piubroneary stenosis, mental retardation, 


and peculiar facies hes been emphasized in the recent literature. Vhere remains, however, 


a paucity of reposted instanecs in which the hypercalcemia was documented. Twe 


: 
patients are described in whom the diagrosis in infancy wat idiapatic hypercalcemia 


with avtociated coigenital heart discese. Recent revaluation of the eardiae lesions 


demoutthaicd isolated supravalvular acttic stenosis in one case and isolated ferigheral 
a 


pulmonary artery stenotes in the other cave. There wos no moterval history of excessive 


vitamin intake during preguancy in cither case. 


Keaneth T Tue, M.D.© Georee R. Noren, MEV. and Ray GC. Anderson, M.1D.©? 
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Reewnt eeronrs in the iterate 
have canes a syndrome characterized 
by peculiar facies, mental retardation, dental 
malformations, and associated suprayalvular 
aortic stenosis and/er peripheral pulmonary 
artery stenosis." JTooft, Vermussen, and 
Blancquart® and Wack and Bonham Carter* 
have considered the facial appearance of 
these patients to be similar to that scen in 
pationts with infantile idiopathic hypereal- 
coma, “Moreover, on reviewing the carly ¢lin- 
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ical histories of older patients with peculiar 
facies, imental retardation and aortic imur- 
murs, they encountered many of the clinical 
features characteristic of paticnts with id- 
jopathie hyperealeemia in infancy. There 
was, however, no Jaboratory documentation 
of hypercalcemia in their cases. Garcia and 
associates’ have subsequently described a 
9-nonth-old infant with documented idio- 
pathic hypercalcemia and both supravalvu- 
lar aortic stenosis and peripheral pulmonary 
artery stenosis, Veuren and associates? have 
also reported a patient with supravalvular 
aortic stenocds, peculiar facies, mental ree 
tardation; and a history of infantile hyper- 
caleemia, 

This communication conceins 2 paticnts, 
aged 9 and 5 years, recently restudicd at 
the University of Minnesota Hospitals, in 
whom the diagnosis in infancy of idiopathic 
hypercalcaania and associated congenital 
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heart disease had been mace, Neither pationt 
has Iiypercaleenia ot the present tine, 

CASE REPORTS 

Case Now 2. This Gyecarold white female, dhe 
poordict of so full tevin Pregnancy and ancompli- 
atted delivery, weighed 7 pounds, 7 ounces at 
bith There was no history of excessive intake of 
vitamins hy the mother during this pregnancy. 

She was referred to the University of Minne- 
‘sota Tle gets at the ace af Gavnthe. bee ance ef 
failine ts irises goon end bat cet reateent 


veantting The sinnife cet tielings were an ele 


vated Blood urea nitrogen and a cardiac mur. | 


mit, When hespitalized at the age of 8 months, 
muscular hypotonia was noted Whe cardiac mur- 
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Fig. 1. Case No. 1 at age 9 ycats. 4, Frontal 
Strahicinus has been corrected, A, Lateral view. Note flat Dridge and stulby nose. 
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mur wes futerpreted hy one obseiver as repre 
senting subaortic stenosis, Serum calcium, pls 
phorus, and al.aline phosphatase detenninations 
were within permal dimits on two occasions. “he 
Wood urea nitegen way 34 mg. per cent. An in- 
travenons pyelogiam demonstrated poor exeretion 
of the opaque material, but ne anatomic abnor 
mialitics were visualized. 

At Wo months of age, she was seen again 
“heeause of failure to thrive, poor ort intake, free 
quent vomiting, constipation, pychomotar ree 
tardation, and umescular hypotonia. The “elfine 
like” facies was particularly noticeable at this 
time (Vig. 1). Serum calcium and phosphorous 
were elevated to V4.5 and 6.8 mg. per cent, re 
spectively. The alkaline phosphatase was norma 
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view, Note unusual facies with wide mouth. 
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Fig. 2, Case No. 1. A, Lateral view of shull at ave 14 menths Note marked 


ca 


increase fv density 


of calvarimia, 2, Troutal view of pelvis at age Momonths. Note increneed density of bones. 
These changes in the skull and pelvis had regressed by age $ to 4 yours. 
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and the Mood urea nitrogen was elevated to 53 


ing. por cent Utinelysis slanted an acid pul, ne 
protein, and no cells. Urine calture Wats stetile, 
Roentyzenogiams of the long bones, pelvis, end 
shall demonstrated increased deasity: and sclerotic 
changes of the bony structes (Fig. 2). Tie 
patents height, weieht, and head circumference 
were below the third percentile for age. The di- 
agnesis of idiopathic hypercalcemia was made 
aad theo. Cont was adivined for futher evalu 
ation, Laboratery felis ieetadeds Sern Na 
Ma mEq. poe ter PD tr pee Beer 

106 mVq. pee Be GOS 23 7 ae to 
ESR 97 me pas 60 min, (Westergren incthod), 
total poe tein 6.7 Gm. per 109 ml, albumin 3.5 
Gm. per 100 inl, globulin 3.2 Gm per 100 ml., 
BUN 48 ing. per 109 ml, scram cholesicral 166 
mg. por $00 inl, and senim carotene 2") phoper 

109 ml. Vhe urine Sulkowitch test was positive, 
Utinary esxeretion of calcium was 56 to 81 ing. 
per 24 hows and urinary excretion of phosphorus 
was 370 (6 257 ang. per 2 hours. Vitamin A 
tolerance test was normal. Creatinine clearance 
was 14 per cent of nonnal. 

No change in serun calcium was observed over 
a3 month period while the patient received a 
low calcium diet. Cortisone acetate, 10 ing. three 
tines daily, was given over a prriod of 6 weels 
with a slight decrease in scrum calcium. ‘The 


Hypercolcemio of infoncy 


a Canihs ‘ 1965 


serum calcium retuned te normal at 22 months 
of age while the paticut was still ivceiving sinall 
doses af cortisone and semained normal wher 
cortisone was discontinued (Vig. 3). AU stsbixere 
quent d-temminations of calcium: have heen nor- 
malas five sumerons ce terminstions of alkaline 
Phosphatase. Vitamin 1) was Ziven is ows of 
250 and 500 mnits for 6 weeks without the pro- 
duction of hypercalcemia. An open renal biogny 
demonstrated focal renal scarring with minimal 
taleions deposition, While in the hospital, the 
pitt ut passed a bladder store and a second stone 
Was removed al cystoscopy. Chemical analysis of 
the calewas sevealed carbonate ond phosphate. 
Royentgenograms 2! the chest and electrocaidio- 


grams were interpreted as nenmsl at the age of 2 
years, 


Whe patient contimied-to he followed jn the 


cadiae clini€ with a diagnosis of cither a sinall 
ventricular septal defect or aortic valvular stcno- 
sis. Psychometyic exantination at the ages of 4 
and 7 years revealed an 1) of 50, Richt heart 
catheterization wi the age of 43 months was 


“within normal limits. A left heart Study was not 


performed. 

She was admitted to the University of Min. 
Hesota Vospitals for further studies jn Joue, 
1964. The clinical diagnosis was supravalvular 


of 


Aortic stenosis and pyssible peripheral pulmonary 
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Fir, 3. Case No. 2. Summary ofrecer calcium, phosphate, and blood user uitregen (BUN) 
valurs during infaney, (Sec text for interpretation.) a 
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gitcev stenosis, Physical examination revealed a 
thin chin ful child with a peculiar hooee mettle 
veice, Dhe “elhindiie’ facies remained (Fig. 2). 
Yhe stabisnins had been surgicatly coneected the 
puevious year, Fundiecopic examination wis nar. 
wool, Phe teeth were markedly carious, Tut ne 
specific dental trilfounation was noted, Cardiag 
examination revealed a Chall in the suprastenmmad 
notch and a promincut left ventrentar impulse. 
A Grade 3/1 harsh 
heard best alors 


The second semantic asnenie ly ptiqy ne diated 


folie ejection Maury was 
seh capgrea steraal border. 


mining or ty telic ejection cfich was net A 
wmaderate difference in auscultatory blood) pres-- 
sure was noted between the anns, 120/90 in the 
right arm and 109/70 in the Jeft aim. Electro- 
cardiograny was interpreted ae showing left ven- 
tricular preponderance and chest roentgeno- 
grams were interpreted as normal (Figs. 4 
and 5). 

Right heart catheterization showed normal 
findings, with no evidence of pulmonary artery 
stenosis (Table J), Retrograde deft heart cath- 
cterization fiom the sight brachial artery showed 
a arked obstruction just above the aortic valve. 
The catheier tip was advanced across this) ob- 
stuction and into the Ieft ventricle on several 
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eceasions while a continues pressure tracing 
was obtained, A TOU man. Wg peal. systolic pres- 
sure dificrence was present: between the supra: 
valvular region and the aorta distal to the ob- 
stuction (Fi. 6). Ao sclective Teft: ventricuio- 
gram demonsteated an area of marked. stenosis 
immediately above the aortic valve (Fig. 7, @). 
Vhe ascending and descending aorta were hypo- 
plastic. “Phis was especially evident on the lateral 
film’ (Vi. 7, b). The coronary arteries did not 


she the dilatation that is frequently seen in this 


condition, but the aortic sinuses were slightly 
dilated. 

Case No. 2. This S-year-old white female, the 
product of a full-term uncomplicated preguaney, 
weighed 6 pounds, 6 ounces at birth. There was 
no history gf excessive vitamin Intake during this 
pregnancy, A cardiac murmur was first heard 
during the newbom examination. , 

She was referred to the University of Minne- 
sota Hospitals at the age of 3 months because 
of a cardiac murmur, severe initability, and 1¢- 
current episodes of vomiting, A Grade 2 (on the 
basis of 1-4) systolic murmur was best heard 
along the feft: sternal border but was well trans- 
miticd to the back. Rucntgenograins of the heart 
and electrocardiogram were normal. Because of 
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Fig. 4. Case No. 1. Electiocardiogiam at ave 9 years, Deep S wave in Ve ad Ve suggests Ieft 
ventricular preponderance, otherwise within normal fimits, 
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a SO mm. Wy fit pressure difference between 
the upper and dower extremities, an AOTC ane 
was petformied and this showed ye sipnificent 
abnonnalities 

At Gimonths af ase, the patient was seen apein 
Incase of failure to thrive, irritability, and fre- 
quent vomiting, A peculiar “elfin-like” facics, 


Vig. 5. Case No. 1. Frontal rocntgcnogram at age 
9 years. Note abscire of any significant “aortic 
kiob.” Cardiac configuration is normal, 


Table 1, Cardiac catheterization data 


Catheter position 
paid UB ey | 


Aortic arch 

Aorta just distal to aortic valve 
Jett ventricle 

Right brachial artery 

Superior vena cava 

Mid right atrium (lateral wall) 
Inferior vena cava 

Right ventrich (inflow) 

Right ventricl: (outflow) 

Main pulmonary artery 

Richt pulmonary artery (proximal) 
Richt pulmonary artery (distal) 
Richt. pulmonary artery (wedge) No flow 


faft pulmonary artery 


Blood oxygen saturation 
Case No. J | Cave Ne. 2 
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hypertelorism, and cpicanthal folds sureested a 
dissnosis of idiopathic hypercalcemia, but serum 
eet, phopherus, and blood urea Dilrencen 
were normal, Four months hater the patient was 
hospitalized, because of tachyeadia and friline 
to thive. Whe munnur at this tine was Stipe 
gestive of pultnonary stenosis. Vhe serum careteae 
determination was clevated to 369 rs per 100 nl, 
Total protein wes 7.0 Gi. per 1090 inl, with 
alamin 3.7 Gin and globulin 2.3 Gm. per 100 
“ml. Serum calcium, phosphors, and blood urea 
Nittozen were once again within normal limits 
At 23 months of ape, the patient was hespi- 
talized for smpical correction of a prominent 
csotrepin of the right eye. The facial appear. 
anee at this time demonstiated many features 
of patients’ with idiopathic hypercalcemin; 
mamely, broad epicauthal falds, flat nasal bridge 
with upturned nose, and long overhanging upper 
lip. She was below the third percentile for 
height and weizht Ht was apparent that the child 
Was retarded. She did not crawl, walk, or use 
words. A Grade 3/1 harsh systole jection mur- 
“mur was present in the second and third jutere 
costal space aluny the left sternal border. This 
was interpreted as representing pulmonary steno- 
sis, Scrum calcium was elevated on several oc- 
casions to between 11.0 and 11.7 mg. per 100 
ml. Scrum phosphorus, alkaline phosphatase, and 
blood urea nitrogen were normal. She was given 
a dict containing only 300 mg. of phosphorus 
and 1 Gm. of calcium. The sern calciuin de 
creased to levels between 8.0 and 8.5 mE. per 
100 ml. Scrum cholecterol was 167 mg. per 100 


(%e) |__Presnure (nm. He) 
Case No. 2 


Cate No. I | 
120/65 75 


120/70 

200/50 120/60 

200/0-20 120/0-10 
150/70 100° 


98 150/75 105, 
G4 

64 5/3 ¢ 
70 

63 28/10 

65 

62 25/10 18- 
64 


No flaw 
25/10 
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Vig. G. Case No. 1. Withdrawal presure tracing from the left ventricle to ascending aorta 
demonstrating change in disstolic pressure at the aortic valve and change in peak systolic 


preseure at the site of supravalvdlar stenosis. 
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rig. 7. Case No. $. A, Frontal view of left ventriculogram during diastole. An area of marked 
stenosis is present iramediately above the origin of the coronary artcrics. Coronary aslerics are 
of nosmal caliber, Distal to the area of stenosis, the aorta is hypoplastic. The left subclavian 
artery $s hypoplastic. A, Lateral film, The arca of stenosis and the hypoplasia of the entire 
aorta distal to the obstruction is better visualized. Ariow points to dilated aortic sinus, All 
the acrlic sinuses appear dilated. Slight mitral regurgitation into the Ieft atrium due to pre- 


mature ventricular contractions, 


ml. Scrum carotene remained elevated. The vita- 
“min A telerance test was nonmal Rocntycno- 
grams of the pelvis and long bones did not reveal 
any arcas of inereased density of sclerotic 
changes. 

At 31 months of are, 
falized again and iultiple scnum calcium deter- 
minations were performed. On several occasions 
the calcium level was elevated to between 11.0 
and 11.5 mg. per 100 ml. Subsequent scrum 
calcium determinations were within normal lim- 
its, The serum cholesteral, alkaline phosphatase, 
and blood urea nitrogen were within normal 
limits. Poychetogical testing at the age of 4% 
geats revealed an 1Q of 50, : 

The pationt was hospitalized in August, 1964, 


the patient was hospi- 


. 


for further cardiac studies, Physical examination 
revealed a small 5-year-old gil with a peculiar 
facial appearance (Fig. 8). The bridge of the 
nase was fattened and the Gp upturned. Strabis- 
mus of the sight eye was present. The mouth 
was held open most of the tine. The upper lip 
was Jong and ovahanging and the palate was 
highly arched. The tecth were carious but na 
specific dental imalformation was noted. Her 
voice had a prominent hearse metallic quality. 
The height and weight were at the teuth per. 
centile fur age. Cardixe examination revealed 
no palpable Uhiill or unusual pulsation, A Grade 
2/4 systolic ejection mune was beet heard 
along the upper deft sternal border with good 
radiation to the back and axillae, No ejection 
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Vig. 8. Case No. 2 at the are S years. A, Frontal view. Strabismus of the Weft cye, mouth held 
open, thickened upper and Juwer lips. B, Lateral view. Note rather Mat bridge of nose. 


~ click or diastolic murmur was heard. The second 
heart sound was normal. A diagnosis of periph 
eral pulmonary artery stenosis was made, 

The reentgenosram of the chest and. electro- 
cardiezcam were normal (Figs. 9 and 104). The 
vectorearfiogran: seecedcd right ventricular pre- 
ponderance (Vie. 198). Right heart catheteriza- 


tien showed ne evidence of an intracardiac shunt.’ 


A presse change was noted when the catheter 
Up was advanced from the main into the right 
upper palaionary artery (Table 1). Several 
branches of the deft pulmonary artery were en- 
tered fait no pressure change was noted. A right 
ventriculogram: demonstrated several areas of 
stenosis of the richt upyser pulmonary artery with 
poststenotic dilatation (Fig. 11). 

A retwograde deft heart study was performed 
fiom the right brachial artery; no pressure dif- 
ference was noted across the aortic valve (‘Table 
1). A left ventriculogran: demonstrated no evi- 
dence of supravalvular aotic stenosis but there 
was minimal nanowing of the ascending aorta. 
The excursions of the aortic valve appeared to 
be limited to a slight extent. 


COMMENT 


The syndrome of supravalvular aortic 
stenosis and/or peripheral pulmonary artery 
stenvsis with peculiar facies and mental re- 
tardation appears to be a distinet clinical 
entity, From the clinical evidence preontert 
by Black and Boulaan Carter’ Moet 
massen, and Vlanceart,® avd the cele gow eat 
publication of documented cases of hyper- 
calcemia in paticnts with this syndieme,®'t 


rd 


it appears that idiopathic hy perealcemia is 
or can be an important associated feature 
of this syndrome. Since the peculiar facial 
Appearance is an essential feature of this cn- 
tity, the syndrome under discussion would be 
expected to occur in those cases of idiopathic 


hypercalcemia of infancy of the severe type 
as postulated by Black and Bonham Carter,® 
and not in the vitamin D scositive, transient 
form of Lightwood’ and Payne® in which 


the peculiar facics is not a usual find- 


ing. 

The possibility that all cases of supra- 
valvular aortic stenosis and/or peripheral 
pulmonary artery stenosis with mental re- 
tardation and peculiar facies represent pa- 
tients with idiopathic hypercalcemia of ine 
fancy remains a most provocative thought 
This would then represent a specific meta- 
bolic disturbance. Since the cardiac lesion 
may be present at birth, as suggested in 


many instances by the presence of a cardiac 


murmur in the newborn period, the possi- 
bility of a metabolic disorder during {etal life 
must be considered. “The exact cause and 
effect of hypercalcemia alone or in the syn- 
drome under discussion reining unclear at 
the present time, Induction of hypercalcemia 
in experimental animals during various stages 
of pregnancy may yick! more information on 
this point. There could well be a critical 
tine for insult to the fetus, as in the ma- 


ternal rule a syndrome. This would be con- 
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sistent with the olecrvation that only) a 
EE minoiity of cases of Wiopathic hypercalcemia 
‘ } muunifest the eardiac Jesions of supravalvular 
aortic stenads and/or peripheral pulmonary 

artery stenosis, Rayhkind, Golinko, and Ar- 
casoy"! reviewed 53 suihiediod cases of idio- 
pathic hyperealcemia and found no re- 
ported cases of suprav valvular aortic stenosis 
and peripheral pulmonary artery stenosis. 
Although a variety of lesions (edema to eal- 
cification) of the endothelium and media 
of the ascending aorta have heen produced 
in the experimental aninal by Jange doses of 
Vitamin DQ? the relationship of these lesions 
to the supravalvular aortic stenosis observed 
“in p ationts with idigpathic hyperealcemia of 
infancy Semains to be demonstrated. Supra- 
valvular aortic stenosis and peripheral pul- 
momny artery stenosis can ‘also occur as 
-jsolated findings, the latter defect being re- 
lated to sonitivithl rubella in pregnancy in 
some cases. The syndrome under discussion 
currently accounts for only a fraction of cases 


Vig. 9. Gasc No, 2. Frontal roentgenogram of the 
of supravalvular aortic stenosis and periph- 


chest, normal. 
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Fig. 310A, Cace No. 2. Plectrocardingrain at ace 5 years, Sinus tachycardia, within normal 
Vinita . 
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Vig. 102. Vectoreardiogram using Schmitt system 
of electrode placement (SVEC WL). Termin:l 


ferces of the ORS leap in the horizontal plane’ 


are directed posteriorly and to the right suggest. 
ing ticht ventricular preponderance. WH, S, and F 
are all rcearded at normal standardization “5. 
(S = Lelt sagittal.) 


eral pulmonary artery stenosis. Whether or 
not some cases lacking the typical facies may 
also be related to calchun or vitamin D 
disturbance is still undetermined. 

The 2 cases in this report serve to illus- 
trate the occurrence of supravalvular aortic 
Menosis and peripheral pulmonary artery 
stenosis’ as isolated entities in association 
with idiopathic hypercalcemia of infancy. 
Previous communications have stressed the 
combined occurrence of peripheral pulmo- 
naty artery stenosis and supravalvular aortic 
Menesis.*" Additional cases of isolated pe- 
Hipheral pulmonary artery stenosis in this 
syndrome can be expected as more cases of 
idiopathic hypercaleemia are studied, Both 
patients exhibited the peculiar hoarse, metal- 
hie voice and charming personality, as em- 
phasized by Beuren and associates? to be 
characteristic for this syndrome, 

In addition to the 2 cases reported here, we 
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Fig. 11. Case No. 2. Frontal film of sight ven- 
tricdogram demonstrating areas of imild stenosis 
and postctenotic dilatation of the right upper pul- 
monary artery, Arrow points to an area of stenosis, 


studicd 2 other patients with supravalvular 
aortic stenosis, peculiar facies, and mental 
retardation. Peripheral pulmonary artery 
stenosis was demonstrated alo in beth of 
these patients. In each instance the facial 
characteristics and especially the ‘peculiar 
hoarse metallic voice were similar, One pa- 
tient also had a cleft lip and palate. Al- 
though no documentation of hyperealeemia 
was present in cither of these cases during 
infancy, a review of the clinical history re- 
vealed some clinical features of hypercalce- 
mia. Cardiac murmurs were recorded in only 
5 of the 10 cases of idiopathic hypercalcemia 
studied at this institution and were judged 
to be significant only in the 2 cases described 
in this communication, 

Genetic studies have been reported in pa- 
tients with the syndioine of supravalvular 
aortic stenosis, mental retardation, and pe- 
culiar facies. ™* Beuren and assaciates® 
found no chromwxomal abnormalities in three 
patients with this syndrome. Merritt and 
associates” studied 8 unrelated families with 
this syacdhome by pedigree analysis and 
chiomosomal studies, In only one patient was 
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there a chrunosomal abnommatity, This tool, 
the foun of a “46/47 imossie with an extra 
chromosome seseumbling the 3-200 proup.” 
They concluded that there were 2 groups of 
patients with supravalvular aortic stenosis. 
The first group inclades the “sporadic cases 
with the complete syndrome,” and the second 
sronp includes “familial cases in which the 
‘trait is frananitted as an autosamal dominant 
with variable expression, Ixching mental re- 
-ftardation and facial similarity.” ‘These two 
studies thus point to the absence of a specific 
chromosomal abnormality in this syndrome. 
There is also a preponderance of females 
among the reported cases with this syndrome 
(14 of 215.2%? 

The blood pressure has been observed ta 
he higher in the right arm than in the left 
in the great majority of reported patients; 
this finding has been attributed, in some 
cases, to stenosis of the Ieft subclavian artery. 
However, pressure differences alsa have been 
noted in patients with supravalvular aortic 
Stenosis who had no apparent hypoplasia 
or stenosis of the left subclavian artery. Jn 
these cases, the pressure difference between 
the arms may be related to the jet caused by 
the stenosis. We have measured the pressure 
at the various regions of the aortic arch in 
one patient with supravalvular aortic stenasis 
during operation, and have noted that the 
pressure in the ascending aorta in the region 
of the innominate artery was higher than 
that measured in the region of the origin of 
the Jeft subclavian artery. In the patient 
reported here, the pressure in the legs was 
the sane as observed in the Jeft arm. 

The anatomic features of the types of su- 
pravalvular aortic stenosis represented in this 
syndrome are of considerable interest. Perou"? 
has classified supravalvwar aortic stenosis in- 
to three groups. In the first group, there is a 


circumferential ridge or shelf of media and. 


infima protruding into the Jumen immedi- 


ately aleve the aortic orifiee, producing the’ 


hourglass type of deformity. This group is 
considered the “true” form ef supravalvular 
aortic stenosis! The second group includes 
cates with a discrete membrane obstructing 
the lumen. The third group ineludes the non- 
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obstructing membranes, cords, or hands 
stretching across the sertic orifice, A review 
of the angiomaphie and pathologic reports 
of this syndrome reveals that the majority 
of cases have the hourghys type of defounity 
(Group 1). In only one iustance was a supra- 
valvular membrane reported.’ Beuren and 
associates’ have pointed out the finding of 
hypoplasia of the arch and descending aorta 
in this condition. Vhe branches of the aortic 
atch may also be hypoplastic. Less come 
monly, the entire aorta distal to the obstruc- 
tion is hypoplastic, as demonstrated in’ the 
present ease. Tn the majority of cases, how- 
ever, the ascending aorta became of normal 
calibefimmediately above the stenotic zone. 
The hypoplasia of the aortic arch may forn 
the basis for * the previously emphasized 
“cuptiness of the aortic knob" on the frontal 
rocnigenogram in this condition.? A prom- 
inent ductus diverticulum is frequently seen 
with angiographic studies oad has been con- 
sidered specific for this cardiac anomaly.? We 
have observed prominence of the ductus 
diverticulum on aortograms in patients with 
other congenital cardiac malformations. The 
ductus diverticulum may well be accentuated 
in this condition: by the hypoplasia of the 
aortic arch. he aortic sinuses are frequently 
dilated and the coronary crteries commonly 
are markedly dilated and tortuous. In the 
oceasional case with dilatation of only one 
of thee coronary arteries, deformity of the 
aortic sinus with obstruction of blood flow 
to the coronary ostium of the hypoplastic 
coronary artery may well be present. This 
has been reported ecarlicr in cases of supra. 
valvular aortic stenosis without mention of 
facivs.’* 1" 

It is apparent that the relationship of 
idiopathic hypercalcemia of infancy to the 
syndrome of mental retardation, peculiar 
facies, peripheral pulmonary artery stenosis, 
and supravalvular aortic stenasis is still poorly 
understond, Further observation of patients 
with idiopathic hypercalcemia of infancy 
coupled with experimental animal studics on 
the cMeet of hypercaleemvia and viamin 1D 
on the developing fetus should be most help- 


ful in this regard. : 
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SUMMARY 


Vhe clinical findines in 2 patients with 
idiopathic hypercalcemia of infancy with 
aswxiated consenital heart defects are de- 
scribed. Vhe cardiac anomalies consisted of 
iolated supravalvular avy tic stenosis in one 
pationt and isolated peripheral pulinonary 
artery stenosis in the other. These data lend 
further support to the hypothesis that idio- 


pathic hypevealcemia of infancy is inti- 


mately rclited to the syndrome of supra- 
valvular aortic stenosis and/or peripheral 


pulmonary artery stenosis, mental retarda- 


tion, and peculiar facies, Attention is drawn 
to the vccurtence of peripheral pulmonary 
artery stenosis as an isolated cardine unoin- 
aly in patiesits with this syndrome. In neither 
paticnt was there a history of excessive vita- 
min intake by the mother during pregnancy, 
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Vitunin D said the Supravalvar Aortic 


Stenosis Syndrome 


The Transplacental Effects of Vitamin D on the 
Aorta of the Rabbit 


By Witraam F. Fiuromsan, M.D., axn Wituiast C. Roururs, M.D. 


I ECENT REPORTS have indicated that 

idiopathic infantile hypercalcemia, a dis- 
case related to deranged vitamin 1 metabo- 
lism,’ may he a feature of the nonfamilial, 
congenital supravalvar aortic stenosis syn- 
diome.** Other manifestations of this syn- 
deome include mental retardation, a peculiar 
“elfin” facies, narrowing of peripheral pulmo- 
nary and systemic artesies, strabismus, ingui- 
nal herniae, and dental abnormalities.® Con- 
genital supravalvar aortic stenosis and 
petipheral pulmonary arterial stenosis also 
occur in a familial and a sporadic form unas- 
sociated with the other features of the syn- 
droine.!?-3 It is not known if the multiple- 
system involvement in the supravalvar aortic 
stenosis syndrome is genetically determined or 
whether some or all of the features are related 
to a derangement of maternal or fetal vitamin 
D metabolism, or a combination of the two. 

A paucity of information exists regarding 
the clfects on the fetus of induced maternal 
hypervitaminosis D, and there appears to be ne 
direct evidence for transplacental passage of 
Vilamin A gh concerning hypervita- 
minosis D in the nonpregnant animal empha- 
size the vascular toxicity of the vitamin.?7-%% 
Administration of excessive vitamin D to 
animals has been shown to produce dose- 


related vascular Jesions, ra iging from suben-. 
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dothelial cdema to calcification, whic? are 
most pronounced in the ascending aorta just 
above the aortic sinuses. The pathogenesis 
of these vascular abnormalities is unclear,!® 

The present study was undertaken to deter- 
mine whether vitamit’D crosses the placenta, 
and to explore the relationship between hy- 
pervitaminosis D in the mother and the 
development of supravalvar aortic stenosis 
in the offspring.) Blood levels of vitamin D 
from female rabbits Mat Teecived excessive 
amounts of vitamin 1) and from their offspring 
Were there fore determined, and the proximal 
acriac 


vedic ois 
tomieally. 
Methods 


Adult, white, New Zealand rabbits were bred 
so that cach fernale was mated with a different 
male. Eight females fed a stock diet® were desig- 
nated iis centiols. In addition, three females were 
fed the stock dict especially prepared without 
Vitamin D supplements, and these are referied to 
as “vitamiy 1-deficient mothers.” Eight: females 
were fed the stuck dict “and, starting on the day_ 
after observed copulation ‘and continuing until 
delivery, were given intramuscular vita’ D 
(activated erosterol in cotton seed oilt) in divide” 


ed “doses every other day for a total duse of 1.5 


inillion” units. Tliese animals are referred to as 
“mothers given vitamin D” (1.5 million units). 


*Stock dict: Protein, 18.0%; fat, 2.5 to 4.0%; fiber, 
13.57; ash, 0.07; calcium, 1.3 to 1.6%; phosphors, 
0.3 to 0.5%; iodine, 0.0037; salt, 0.75 to 1.02; caro- 
tene, 40 gamma/g; pantothenic acid, 8.4 ¢/h; niacin, 
15.75 mp/b, thiamia, 2.0 mp/Ib: riboflavin, 3.2 
mg/lb; biotin, 0.09 mg/h; vitamin C, 0.70 my/Ib; 
vitamin D, 768 mg/Ib; vitamin EF, 30 ing/Ib; cho- 
line, 350 mr/Ih. 

THi-Deratul injectable, Brewer and Co. Inc., Wore 
cester, Massachuseits. 


ef these als were examined ana: . 
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VMuee groups of five females cach were fed the 
stock diet ane_in similar fashion were given intra- 
miseular vitamin 1 for 30;days Che leugtli’ of 
the rabbit's gestational period) ~ beginning The 
dav after observed copulation, for total ainounts of 
2.5, 3.5, and 4.5 million units, respectively.” 

Five control mothers and five given vitamin 
D (LS million units) were sacrificed with their 
proyeny shortly after delivery. Prior to’ sacrifice 
Hood was drawn from cach mother for deter- 
minalton of calcium, phosphorus, alkaline phos- 
phatase, cholesterol, total protein, albumin, lipo- 
protein. phenotype,?4 and vitamin D, Similarly, 
blood for calcium, lipoprotein phenotype, and vita- 
min D determinations was obtained from cach 
neonate. To obtain an adequate amannt of serum 
for the vitamin 1D assay, samples were pooled 
from as many as three newborns from the sane 
Jitter. The vitamin 1D bioassay*? measured the 
response of rachitic rats to serum fed hy stomach 
tube with the standard line test. as modified by 
Shue and associates.2® The iachitogenice dict and 
methods deseribed in the A.O.A.C. methods of 
analysis were employed. Four or more rats 
were used for cach assay. 


vitanin D (1.5 million units) and on their off- 
-pring. The tissnes were fixed in 10% Formalin, 


dehydrated ia alcohol, embedied in paraffin, and’ 


sectioned sevially at 6 yt intervals. The sections 
of heart and great arteries of cach of the offspring 
were stained and examined histologically. In 
addition to hematoxylin and cesin, the Reinhart 
(for mucopolysaccharides), clastic van Gieson 
(for clastic tissue), Sudan dlack (for fat), and 
periodic acil-Schiff (for glycogen) stains were 
employed. : 

To evaluate anatomic changes in growing off- 
spring. given small daily quantitics of vitamin D, 
“three control mothers, three vitamin D-deficient 


mothers, and three mothers given vitamin 1D | 


(3.5 million units) were not bled or sacrificed 
after delivering their offspring. After parturition 
the three, vitamin D-deficient mothers were fed 
the stack dict and permitted ta nurse their off- 
spring. To avoid the consumption of large amounts 
of vitamin D from maternal inilk, the offspring of 
the mothers given vitamin D (1.5 million units) 
were nursed by control mothers. The latter olf- 
spring as well as those of the controls were 
thereafter fed 250 units of vitumin D per day.* 
Whenever Ceath occurred spontancously in one 
of the offspring of the mothers given vitamin 
D (1.5 million units), a rabbit of the same age 


*Crystalline vitamin Dy in propylene glycol (Dris- 
dol), 
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horn to a control mother and’ to a vitamin D- 
deficient mother was sacrificed. All of the re 
maining offspring were saciificed at 3 months of 
age. Gross and microsenpi¢ examinations of the 
hearts and great vessels were carried out in each 
rabloit. 


y Results 


The results of the analyses of the serum 
of the mothers and offspring are presented 
in table 1. The levels of vitamin D were 
strikingly different in the various groups 
(table 1). The Jevels in the mothers given 


vitamin D (T3_million’ units) and in’ their 
offspring were 7 and 9 times greater than 


the controls, respectively. Other” than the 
levels of vitamin D there were no statistically 
significant differences in any of the other 
measurements between the groups of mothers 
(table 1). The calcium levels were somewhat 
lower and the phosphorus values somewhat 
higher in the mothers given vitamin JD (15 
million units) when compared to the controls. 


Significantly higher serum calcium Jevels were_ 


observed in the offspring of the mothers given 
vitamin DD (1.5 million units) when compared 
to the controls. The high scrum calcium levels 
noted in this study are in the same gencral 
range xs those reported for the normal rabbit 
by others.?* Cholesterol values were not sig- 
nificantly higher in the mothers given vitamin 


D (1.5 million units), and there were no/ 


qualitative differences in the electrophoretic 
lipoprotein phenotypes. The control mothers 
and the mothers given vilamin D (1.5 million 
units) had chylomicron, beta (B-), and alpha 
(a-) lipoprotein bands of equal staining inten- 
sity. All of the offspring showed Jess intense 
B- and «lipoprotein bands than their parents, 
but there were no differences in stai_ ing inten- 


.sity between the two groups of offspring, 


Anatomie Observations 
Adult Females 
There_were no cross or microscopic abnor- 
malities in the hea: or aortae of the control 
mothers, All of the females given 2.5, 3.5, 
and 4.5 million units, of vitamin 1D diced 


spontancously whhin 65 days after their first” 


injection of the_vitamin, , and all that con- 
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ceived cither aborted during the first 12 days 
of pregnancy or delivered macerated fetuses. 

«entire aorta of cach of these adult rabbits 
showed advanced changes, including irregular 
depressions in the intimal wall, focal calcium 
deposits, and foci of deyencration and necro- 
sis of the aortic media. The aorlae of the 
mothers given vitamin D (1.5 million units) 
showed similar but less striking changes. The 
alicrations were most pronounced in. the 
proximal portion of the aorta. 


million units) 


fothers given 
Vitamin D 
553% 0.24 (sv) 


(Ls 


P<0.05 


: Offspring 
a, So ot Control Newborns Sacrificed after Delivery 

; The aortic roots of the 23 control neonates 
: were histolojically normal. The normal invagi- 
nation or plica at*the upper margin of the 

sinuses of Valsalva?" was observed in some 

: sections of cach of. these ‘aortac, indicating 
that the plica docs not cxtend around the 
entire inner circumference. The medial thick- 
ening that accounted for this invagination 
appeared moderately cxaygerated (fig. 1 
right) in five of these 23 sortac, but in none 
was it believed to be of sufficient proportion 
to narrow the aortic lumen. significantly. 


¢ 


Controls 
48 + 0.11 (sp) 


i 


WK 


Table 1 
688+ 0.26 (sn) 


Given vitamin D 


(1.5 million units) 


L1IS+ 0.16 
087+ 0.30 


Older Control Offspring 

With the exception of a ventricular septal 
defect in one, no other-abnormalities of the 
heart or aoria were found in these 12 rabbits. 
The normal supravalvar aortic plica did not 
appear unusually prominent in any of these 
animals, 


‘ 


e 
Offspring of Vitamin D-Deficient Mothers 
No abnormalities were observed in these 
nine rabbits, The supravalvar aortic plica was 
present in cach, but in none did it appear to 
be exaggerated 


Controls 
TH+ 0.24 (sv) 


0.802 0.27 


Netchorns of Mothers Given Vitamin D 
(15 Million Units) 

The_aortac of 14 of the_18 newhorns_in 
this group. were poral, and 11 of these 14 
aortac showed an exagyeration of the supra- 
valvar plica similar to that observed in the five 
controls mentioned above (fig. 1 right). The 
higher incidence of this finding in this vitamin 
D group when compared to the controls is 
significant (P< 0.001). Four newborn rabbits, 


(King-Armstrong units) 


(mEq/L) 
Phosphorus 

(mg %) 
Alka'ine phosphatase 
Cholesterol 

(mg =) 
Total protein 

(g %) 


Albumin . 


(g %) 


Results of Analysis of Scrum of the Mothers and Offspring 
Vitamin D assay 
(units/100 ml) 


Calcium 


Circalation, Volume XXXIV, July 1966 


] 


owen 
= 


bagel eaten 
Smite ce te mee % 


omer? ong 


ed 
se Te. exe eee 

ame 
Se mr 


Heer 
ee ee 
yo 
(pe tt PR eee 
2 


ee arn 
os . 
* 


oe * 
ae, 
t wan 
t ie . 
pelle bce eo ek 


Figure 1 


Gross and microscopic appearance ef aortic rvots of control newborns. (Lefi) The left 
ventricle (1... V.) and aorta (Ao.) of a typical animal is shown. (Center) The aorta is smooth- 
walled beyond the sinuses of Valsulca. Aortic valve (A. V.); x 79. (Right) An exaggerated 
plica (arrow) at the superior margin of the sinuses of Valsalva ts present in this animal. A 
similar degree of promincuce of this structure was scen in fice controls and 11 rabbits born 
fo nvilicrs given cilamin D (sce text). Mematozylin and cosin; X 3. 


cach from a different litter, had_abnormal 
aortac. Jn cach animal there was a prominent 
annular »rotrusion at the superior margin | “of 
the sinuses of ‘Valsaly va resulting. in 1 significant 
narrowing of. the, e huminal_ circumference _at 
this level (fig. 2). The protrusion was caused 
entirely b by_proliferation, of the_media; fl; the 


intima was normal ‘There was widening of. 


the spaces between the elastic fibrils in the 
inner media. Stains for glycogen, fat, calcium, 
and mucopolysaccharides did not reveal ale- 
normal deposits of these substances in the 
medial lesions. 


Older Ofispring of Mothers Given Vitamin D 
(1.5 Millicn Units) 


Ten rabbits died spontancously, at_2 to 20 
days of age. The. cause of their deaths was 
not _appare nt at autopsy. There were no 
cardiac or aortiG abnormalities in the four that 
lived less than 10 days and in two that dicd 
at 16 and 20 days of age, respectively. Supra- 
valvar : aortic i abnormalities were noted in the 


four remaining rabbits, representing different 
hitters. The aorta of a 7-day-old rabbit ap- 
peared normal on gross examination, but on 
microscopic examination an area of medial 
thickening and carly degeneration just above 
the aortic sinuses was apparent. A 10-day-old 
rabbit had a nonobstructing fibrous band 
stretched geross the lumen of the ascending 


siorta at the superior margin of the sinuses 


of Valsalva and a_ particularly prominent 
plica of the wall at this level. The aortac_of 
the other two_rabbils, a 20-day-old (fig. 3) 
and a 14- day-old (fig. 4), were_ severely 
narrowed_in_ the region immediately ahove 
the sinuses of Valsalva’ a by” (rianigular-shaped 
protrusions of hillocks, and the aortic lumina 
distal to these sites were widened, These 
protrusions into the lumen resulted fom 
localized thickehing of the aortic media. In 
addition to an apparent increase in’ the 
elastic fibers and smooth muscle cells in the 
media, small foci of degeneration and round- 
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The aostic roots of two newborns (left and ccnter) whose mothers were given vitamin D 
(1.5 million units) sow prominent anuilar protrusions impinging an the lumen af the superior 
margin of the sinuses of Valsalea. A higher magnification of the lesion (brackets) in a third 
newborn is shown on the right, The narrowing of the lumina results entirely from proliferation 
of the media, §. V., sinus ef Velsalea; Ao., escending aorta; A.V’, aortic valce; A. L., auterlor 
lcafiet of nutral valve, Hematoxylin and cosin; % 39 (left); x 63 (center); % 97 (right). 


cell infiltration also were present. The ar- 
rangement of the clastic fibers and smooth 
muscle cells in the hillock produced an irregu- 
Jar pattern (fig. 3). A focal ancurysmal 
protrusion of the ascending aorta was observed 
in one animal (fig. 3). In the other animal, 
calcium deposits also were present in’ the 
media (fig. 4). The intima in each rabbit 
appeared normal, but the adventitia in one 
“was focally thickened and invaginated into 
the media in a wedgelike fashion (fig. 3). 
Ve remaining six rabbits in this group 
were sacrificed at 3 months of age. The 
changes in their aortae resembled quite 
closely the findings in the mothers given vita- 
min J) (1.5 million units). The proximal aorta 
in these six animals showed yencralized_ ir- 
regularities of the wall with degcncration and 
calcification of the media. ‘The supravalvar 
area was not narrowed or disproportionatcly 
thickened, however, when compared to the 
rest of the ascending aorta. | 
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: Discussion 
I Tarce specific anatomic types of supra- 
valvar aortic stenosis (SAS) have been de- 
seribed in the human?" ** The hour-glass 
type is the mast common and is characterized 
by extreme thickening of the aortic media 
producing a constricting annular ridge. The 
membranous type*is produced by a semicircu- 
ir diaphragm with a small central opening 
stretched across the lumen of the aorta. The 
hypoplastic type is characterized by uniform 
hypoplasia of the ascending aorta. A fourth 
anomaly, of no functional significance, con- 
sists of a aonobstructing band or cord 
stretched across the lumen of the aerta at the 
level of aortic leaflets. 

According to Pcrou,”® the most common 
hasic lesion is an angulation and exaggerated 
infolding of the wall with a thickened and 
focally disorganized medial layer capped by 
a zone of intimal thickening. The infolding 
may be shaped like a hillock or triangle 
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Heart aud aorta in a 20-day-old rabbit whose mother had received vitamin D, (Upper left) 
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The aortic root in a I4-day-old rabbit whose mother was given vitamin D. (Left) The wall 
of the aorta just above the sinuses of Valsalea ts markedly thickeucd (brackets) and bulges 
into the lumen. A close-up of this area is shown in the photomicrograph on the right. Areas 
of necrosis and focal deposits of calcium are apparent. A. V., aortic valve. Hematoxylin and 
cosin; x 25 (Icft); % 160 (right). . 


Ae . 
whose hase is formed by the abnormal med- calcification also have been noted in the hill- 
ia and whose apex points toward the lumen. ock. [Similar to the vascular changes in the 
Foci of necrosis, round-ccll infiltration, and animal given excessive vitamin D, the intrin- 


Figure 3 (continued) 

The anterolateral wall of the left centricle (L. V.) and left atrium has been removed, and the 
aorta (Ao.) opened. The lumen immediately above the aortic valve (A. V.) is narrowed and 
the aortic wall ix thickencd. The ostium of the right coronary artciy (C. A.) is dilated. A focal 
protrusion or ancurysim (arrow) alyo ts present in the ascending aorta. (Lower left) Section of 
wall of ascending auria, aortic calve cusp (A, V.), and ventricular septum (V. S.). The prome 
inent supravalvar aortic lesion (brackets) is trianjzular-shaped, with the apex pointing toward 
the lumen, The aortic valvar cusp is folded back toward the heart. Nematoxylin and cosin; 
x 7. (Upper sight) Close-up view of the trregular pattern of the smooth muscle cells in the 
supravalvar arca of thickening. Uematoxylin and cosing x 107, (Lower right) View of another 
region of the supravalear lesion. At this site the adventitia has invaginated in a wedgelike 
fashion (arrow) into the thickencd media, Elastic van Gieson; x 25. 
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sic pathology involves the inner half of the 
media? In SAS the clastic fibers are broken 
and disorganized. There are focal inereases in 
interstitial fibrous tissne and an irregular in- 
crease in smooth muscle. The adventitia is 
usually normal, but in one of Perou’s patients 
it invaginated into the media in a wedgelike 
fashion.=* 

[ihe aortic wall of many normal human 
newborns exhibits an incomplete transverse 
infolding or plica at the upper margin of the 
sinuses of Valsalva that is conspicuous in 
some norma) aortac but practically absent in 
others." SAS is thought to be a develop- 
mental exARKE ration of this normal struc- 
ture.*- - \The present study demonstrates 
that this mild angulation and infolding of the 
aorlic wall occurs in normal rabbits with 
varying degrees of prominence. Exaggerated 
prominence of the: normal plica occurred 
without apparent narrowing of the Jumen in 
a significantly higher percentage of rabbits 
born to mothers given vitamin D during 


pregnancy when compared to the controls} 


The aortae of the offspring whose mothers 
were fed a dict Jacking vitamin D, however, 
also showed a supravalvar plica, albeit of 
lesser prominence, suggesting that the pres- 
ence of the invagination docs not depend 
salely on some action of vitamin D. 

[in the present: study, cight offspring , ex 
posed in utero to high levels of antirachitic 
substance, presumably vitamin D, and to the 
imatemal biochemical products of excessive 
administration of the vitamin revealed path- 
ological abnormalitics confined to the supra- 
valvar eortic wall. In six instances the aortic 
lesions seriously impinged on the lumen and 
demonstrated essentially all of the histologi- 
cal features of SAS as scen in man2")\The 
ancurysmal pfotrusion of the aorta of one 
rabbit has been observed ina similar location 
in SAS in man? A nonobstructing delicate 
fibrous band crossing the proximal aorta was 
present in one rabbit. In another rabbit a 
medial Jesion was microscopically evident al- 
though no gross abnormality was detected, 
he six offspring which were sacrificed at age 
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3 months showed the pathological changes 
asso. ited with vasculotoxicity in the adult 
animal," ** although they received a cum- 
ulative oral dose of only 22,000 units of vita- 
min J) from birth, leading one to question if 
they were predisposed to an increased tissue 
sensitivity to the toxic effects of the vitamin, } 

From _this_study it may be concluded _that 


: antirac rachitic > substance crossed. ‘the ~ hemochori- 
-al pl I pple “ata of the 5 rabbit : and that the vascular 


tonicity’ of vitamin ‘Wea ) can he _transinitted | 
across the o pl: rcenta., Ther here are ¢ ‘del Finite, ‘simil- 
aiics between, SAS in n_the human and. | the 


ioe "it scoms Sie ra pm lat a an 
in wero « “derangement in vitamin _D met laho- 
fism on | the patt of mother_o1 or fetus or of both 
Thay he responsible for SAS, especially w ‘when 
fs latte ‘ris associated eke infantile 

in me an an: rite eer cre experi 
mental animal me model and the clinical disease. 
Weeause of the pooily understood and highly 
complex interaction between environmental 
and genctic factors that are involved in the 
genesis of human malformations, it must be 
stressed that our study does not supply a 
simple explanation for the syo ome of SAS 
and infantile hypercalcemia, but rather raises 
many questions. No emphasis has been 
placed on the prophylactic and therapes ‘ie 
implications of the experimental findings. 
Further investigations will necessarily be 


_ Stimulated by such considerations and hope- 


fully will clarify the basic genetic, metabolie, 
and pathological mechanisms involved. 


‘ Summary 


Pregnant rabbits were given high doses of 
vitamin 1D to determine whether the vitamin 
crossed the placenta and to explore the rela- 
tionship between maternal hypervitaminosis 
D and congenital supravalvar aortic stenosis. 
The blood levels of antirachitie substance in 
the mothers given vilamin D and their off- 
spring were 7 and 9 times greater than in 
the control mothers and offspring, respective: 
ly, indicating that transplacental passage oc- 
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curred, Serum calcium levels in the offspring 
whose mothers received vitamin D were sig- 
nificantly higher when compared to contrel 
values. A total of 14 abnormalities of the 
aorta were noted in the 34 offspring whase 
mothers received vitamin 1D. Aortic Jesions 
that appeared similar anatomically to supra- 
vilvar aortic stenosis in man were noted in 
six rabbits. Also, one rabbit showed a supra- 
valvar fibrous band and another had an ab- 
normality of the proximal portion of the 
aorta observed only on microscopic examina- 
tion, Six additional offspring at age 3 months 
showed generalized vitamin 1) vasculotoxie- 
ity, without supravalvar narrowipg of the 
aorta, of an advanced type commonly seen 
in the adult animal given massive doses of 
the vitamin. Thirty-five control offspring and 
nine rabbits born to mothers on vitamin D- 
deficient dicts showed no abnormalities of 
the aorta, ‘The results suggest that an in utero 
derangement: in’ vitamin D> metabolism on 


the part of mother or fetus, or of both may 
be responsible for supravalvar aortic stenosis, 
especially when the latter is associated with 
infantile hypercalcemia. The questions raised 
by the experimental findings are emphasized. 
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Gains from Serendipity 


Readers who remember Bible storics will recall that Saul, the son of Kish, was sent 
forth to find his father’s asses, which were lost. In the discouragement of his faflures 


to find them he consulted onc, Samuel, a scer. And Samucl told him not to set his 


mind on them for they had been found, but to know that he was chosen to rule over 
all the tribes of Isracl. So it was announced, and the people shouted their approval. 
Thus modest Saul, who went out to seck Jost asses, was rewarded by a kingdom. That 
is the earliest record of serendipity ] am aware of.—Watirn Bnuapronn Caxnon: The 
Way of an Investigator. Ncw York, W. W. Norton & Co., 1945, p. 68; also in Serendipity 


and the Three Princes, Turovone G. R 


of Oklalioma Press, 1965, p. 176. 
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cuiporetion of erotic hiiy ANAL Adie 
tretion of irsutiay browch! cnayme activities 
ail RNA specific setivities lo nermal, 


Tirse studies contribute valuable in- : 


formation about hormonal regrtation of 
enayine biosynthesis, They likewise extend 


ee 
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on kaowledce of Siochemical processes of 
servation and nutriGenal imbatoace. ‘Phe 
experimental ospproaches utilized — are 
werthy of pernsal for their possible applica- 
tion to ofher areas of nutritional inves tiga- 


tion. 
‘ 
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CONGENITAL SUPRAVALVULAR ACK TIC STENOSIS, IDIOPATHUC 
JAYPERCALCEMLA, AND VITAMIN D 


An association has been recognized hetircen tiopathic hypercalcemia and con- 
genital sujocralvular cortic elenosia. The latter eun be induced in Infant rabbits 
by administration of massive doses af vitamin D to the pregnant doe. 


Iopathie hypercalcemia of infants has 
been recognized for the past. 15 years as a 
eause of poor infant development, mental 
refardation, characteristic “clfin facics,” 
strabismus, inguinal hernias, muscular hy- 
potcnin, osteosclercsis, and dental albnor- 
matities (R. C. Lightwood, Arch. Dis. 
Child, 27, 802 (1952)). In addition to hy- 
perealcemia, these children show elevations 
of blood urea nifresen and cholesterol, 
renal dysfunetion, anid systemic hyperten- 
sion. They can be subdivided into a benign 
wiuny, which have ao short. self-timited 
course, and a more severe group with a 
grave, often fatal prognosis, The disense at 
first seemed to he virtually limited to the 
Brilish Isles and Sweden, but recently re- 
ports have been coming from the Continent 


and the U.S.A. Ils clivlogy is obseure, al- 


though an unusual sensitivily to vitamin D 
or a congenital defect in caleium or choles~ 
terol inctabolism has been postulated (Vue 
trifton Reviews 11, 538 (1956)). 

The elfin-like facies may reflect, in part, 
the Jow 1.Q. and the unique dentition pat- 


_tern, Both deciduous and permanent teeth 


may be incoinplete in number, and incisors 
in particulier may be ahsent or at Jeast 
reductd in size, Not only is the chape of 
the teeth uniqne in round crowns, but there 
is alco aamarked dysenathisin, A search for 
chronmsomal abiormalities has net been 
rewarding, and aost documented cases of 
hypercalecinia have oceurred jn children 


frown mothers reeciving no vitamin supple- 
nents ind pursuing no unusual dietary pate 
tern. 

Reeently an association has been made 
hetween the occurrence of idiopathie hy- 
perealcemia of infants and the subsequent 
development of supravalvular aortic etle- 


_ nosis (RR. . Garcia, W. F. Friedman, MI. M. 
“Kuhack, and R. 1D. Rowe, New Engl. J. 


Med, 271, 117 (1994)). There nave three 
auitomie types of snpravalvular sortie 
stenosis: a hypeplastic aorta, a diaphrag- 
matic ar membranous type of obstruction 
With a small central orifice, and, the most 
common, an hour-glass type: a constricting 
annular ridge of thickened aortic media, 
The Jatler lype may occur sporadically, ag 
well as familially, and may or may not be 
associated with other residual features of 
hhyperealeemia, It was first observed by 


J. A. Black and R. BE. Bonhain-Carter 


{Lancet 2, 745 (1963)) to, be associnted 
wilh “the characteristic facics, mental ree 
tardation, and dental deficiencies of chil- 
dren who may previcusly have been hyper- 
alecmic, More recently, several cases of 
supravalvular aortic stenosis have heen 
presented which had a documented idio- 
pathie hypercalcemia in infaney (K. I. 
Jue, GR. Noren, and 2. C. Anderson, J. 
Pediat. GT, 1139 (1965); Garcin and co- 
workers, loc. cit.). 

To investigate the possibility that this 
association could be due to a maternal vi- 
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tumin JD exeess or a deranement in vita- 
min VY metabolian, the following experi- 
ment was performed by Pricdiwaan and 
W.C. Roberts (Circulation SY, 77 (1806)). 
Right control and 23 experimental female 
rabbits given large deses of vitsamia DD (ae- 
tivated ergosterol in cottonseed vil) were 
coinpared with regard to the extent la whieh 
Vilwnin D was travemilted across the pla- 


cental barvicr at the time of delivery of, 


their Jitters, and to the presenee of ana- 
fomical change jn the ascending aorta both 
at delivery and at various times up to 
three months of ave, at whieh Uimie all re- 
maining docs and (heir offspring were sac- 
vifieed for autopsy study, Blood of does 
amd neonates was examined for vitamin D 
by the rachitie rat biossay teehnique, and 
for calcium, phosphorus, allsline. phos- 
phatase, cholesterol, total protein, albumin, 
and Hpopretcin pattern, 

There were cight does fed a control stuck 
diel end three more fed an otherwi.e simi- 
lar dict deficicnt in vitamin D throughout 
the period of observation. Four groups of 
five dues cach weie given 1.4, 2.5, 3.5, or 
4.5 million units of vitamin J) intramuseu- 
larly every day from the date after ob- 


‘served copulation, All offspring then re- 


ceived 250 units per day of Che vitamin jn 
their dict until death or sacrifice, 

At the time of delivery the mother rab- 
bits receiving vitamin D oand (heir off- 
spring both showed significant clevalions 
(sevenfold to eightfold) in blood levels of 
the anti-rachitie vitamin; and the off- 
spring showed a somewhat higher blood 
evlcium, but there was no signifieant dif- 
ferente in the other paramcters between 
the control and treated greuya, 

There were no yross or microscopic ab- 
normalities of the hearts or sortas of con- 
trol mothers. The does receiving 2.5, 3.5, 
or 4.5 million units of anti-rachitice sub- 
Atunce per day dicd spoutancously within 
abont two months and gither aborted or de- 
Hvered macerated fetuses, Their aortas all 
showed tdvanced) changes of medial de- 
generation with irregular depressions in the 


soma ds .. 


'[Vol. 24, No. 10 


inftinal wall, focal ealeium deposits, and 
necrosis, ‘These have been well-documented 
in the past (G, M. Jlass, R. EF. ‘Trucheart, 
C. B. Taylor, snd M. Stuinpl, Ar. J. Path. 
34, 895 (1958)), The most interesting re- 
sults were in the studies of the muthers re- 
cviving 1.5 million’ units per day, who 
snowed changes sumewhat milder than the 
wbove in their own aortas, and their off- 
spring, 
¥ven the normal nortas occasionally 
showed a normal invagination or plica at 
the upper margins of the sinuses of Val- 
salva. This plica never involved the entire 
civcnmferenge of the aorta, but was defi- 
nifely exaggerated in five out of 23 newe- 
os, in contrast to the older animals or 
the deficient neonates. Fourteen aortas out 
Sof 18 newborns of mothers receiving 1.5 
million units of vitamin D per day were 
normal, although 11 showed this same exage 
geration of the nommal plica--a significant 
increase in incidence, The other four newe 
Lorn, cach frons a different litter, had a 
prominent annular protrusion at this same 
supravalvular level which resulted in “sig- 
nificant narrowing of (he luminal circum. 
ference.” The dcfeet was cnused by a pro- 
liferation of the media covered by a noxmal 
intima. 


Of the ten young rabbits dying between 


‘tvco and 20 days of aye supravalvular ab- 
norutalitics were noted in four, of the annu- 
lar cireumferenial type in Gvo. In the six 
animals finally sacrificed at three months, 
the sortas resembled those of their mothers 
(who had received vitamin D): there were 
veneralized irregularities of the wall, with 
feyeneragon and calcification of the media, 
None had any localized supravalvalar nare 
rowing, 

Thus, these workers have been able to 
srodice experimentally in rabbits a cone 
uit) anomaly of the aorta which closely 
recomnbles the lumuan defect. Furthermore, 
their experimental model involved a sub- 
standial derangement of the ealeium-regue 
lating Vitsunin, and it has gradually become 
ertublished that, in the humanan, there is an 
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nesoeistion between rupravalvyler ese tia 
stenosis and Che idiopathic bypercaleemia of 
infants, TE wold be prometure, hewever, 


consi€er that this is siother exemple of 2, 


simple exvegenons faetor, such os Tedicde- 
mide or the rubella virus, whieh produces a 
congenital vareular dcfeet, Certain differ. 
ences between the experimental model and 
the human disorder remain unexplained, 
Por example, execss intake of vitarnin D 
by the mother has not been documented 
ina case of idiopathic hyperealceniia, niueh 
less supravalvular aortic stenosis. Although 
high blood levels of calcium, urea, and 
cholesterol are seen clinically, none was cle- 
vated in the experimental model. Thus, 
whether a dictary factor such as vitamin D 
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nefostly javelved in the human situstion 
aMtheugh it may till 
be postulated that there is some di:farb- 
anes in vitamin Dometabolicm or enhanced 
sen-Hivity in response to it. 

One wonders what role the parathyroid 
hormene and alo ealeium intake might 
play. Jn any event, it docs seem clear that 
this type of supravalvular abnormality is 
an exeseerntion of a normal fold of the 
aorta, that it is often preceded by hyper- 
enlcomia of the newborn, snd that it can 


scone mite unlikely, 


be e.casionally indnecd in the rabbit fetus 
hy administering to (he mother wossive 
doses of vitanuin D, a substance which has 
long been Known to cause changes in the 
artcrial media of older animals, 


SITIVITY 


Survivel atudics of three strains of rirradiated germfree and conventionelly snaine 


tained mice indicate ecparate involvement of bacterial Contamination and genetic 


factors in the dotermiaation of radiation -ensitivily. Under same circionstances dietary 


trcotment also aficcls radiation resistence, 


Investigation of the cffects of variou: 
doses of x-radiation on many species, and 
_ also several strains of a single species, have 
shown that animals differ in the amount of 
radiation 
changes or death. Meticulous control must 
he used for strict comparability among 
studies (T. F. Dougherty, Fed Proc. 2 
(2), part I, 3 (1961)) and frequenlly un- 
recognized or uncontrollable differences in 
conditions make it difficult to evaluate re- 
sulls obtained from one laboratory to an- 
other or over a period of time in a single 

facility. 

Further to substantiate earlier evidence 
of strain and environmental influences with 
respect to radiation resistance, HW. EE, Wal- 
burg, Jr, FE. I. Mynatt, and D. M. Robie 
(iad, Res. 27, GIG (126@)) have studied 

he radicsensitivily of (ree strains of nice 

maintained under varying conditions. 

Normally bred ICR and CF No, 2 and 
inbred RRC inice were maintained cither 
conventionally or in plastic film isolotors 
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required to cause degenerative — 


under germfree conditions, Periodic an- 
acrobic and acrobic culture of feces and 
issue for ape made CNumiabon of 
intestine and shin for parasites, and ecro- 
losies) examination for a number of viruses 
were conducted to assure a germfree ene 
virenment, but no bhacteriologie examina- 
tion of conventional animals was reported. 
All animals were fed the same autoclaved 
diet and water ad libitum. 

At ten to 12 weeks of age the germfree 
and cenvesitional mice were irradiated in 
a sterile isolator with 500 (o 1,060 R of x- 
irradiation at an exposure rate of about 100 
R per minute. Actual exposures were monie 
torcd by a Beaune wes recording exposure 
meter, 

The 30 day mortility following these 
radiation doses ranged from less than 10 
per cent to 100 per ceut. Mortality curves 
were constructed by probit analysis ef 
inorlality data, Lhe 50 per cent Iethal dose 


‘for the 30 day period (LLD-u(s0)) was dee 


rived from there curves,-When results for 
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Possible Injury to the Cardiovascular System 
| from Vitamin D 


HeLen 3. Vaussic, a.v., v.a.c.v., Baltimore, Maryland 


HE INTEREST IN VITAMIN D as a possible 

source of injury to the cardiovascular 
system lies in the recent advances in our 
knowledge of supravalvular aortic stenosis. 
When, in 1958, Denie and Verheugt (1) 
reviewed the literature on supravalvular 
aortic stenosis, they found that 12 cases had 
been described, and they added | case of 
their own. After this, a number of such 


cascs were recognized { In 1961, Woolcy and 
associates (2) described the occuricnce of 
pedis 


supiavalvular aortic stenosis in several 
members of one family. Vie existence of 
this so-called familial type has been con- 
firmed by others and is now generally ac. 
cepted as a clinical entity. (he same year 
(1961) Williams, Rarratt-Boyes, and Lowe 


\Q)_deseribed_a_second type in whidi_no 


amilial aggregation was found” “but— in 
which the supravalvular aortic stenosis was 
VR UIDREMIN wenee be td guaran sept oe ERTL iweairase 
associated with mental retardation and a 
peculiar. facies.) These authors commented 
that the children Jooked “more like one’ 
* another than like their own. sisters and 


brothers.” Morcover the facies were so dis- 


sis might be made at sight. As so frequently 
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occurs when a new clinical syndrome is 
recognized, a number of cases were imme- 
diatcly reported from various parts of the 
country and, indeed, from various parts of 
the world.(In 1961, Neuren_and_ coworkers 
(1)_seported “from Gouingen, West_Ger- 
many, that peripheral pulmonary. stenosis 


and an_abnotmality im the denune were 
also part of the cliftical syndrome, 

Cin 1963, Black and Bonhani-Carter 5) 
recognized the similarity of the facies of 
those patients with supravalvular aortic 
stcnosis to the facies of the children who 
had suifered from severe idiopathic hyper- 
calcemia in inlancy. These investigators 
then reviewed the autopsy material of ins 
fants who had dicd of the severe type of 
idiopathic hypercalcemia and found that 
in addition to the renal calcinosis these 
infauts showed a wide variety of arterial 


stenoses, including renal artery stenoses and. 


coarctation of the aorta; and although none 
had supravalvular aortic stenosis, abnor- 
malities of the aortic valve were common 
among dhese infants. These observations 


* Unctive that they suggested that the diagno- , immediately yroused the interest of - pedi- 


atric cardiologists. 
Lidiopathic hypercalcemia has been known 
to pediatricians since Lightwood’s (6) first 


—_———— 


ana the severe type spl idiopathic hyper- 
calcomia. ‘Vhe mild type is readily corrected 
by dictary measures. “Vhe severe type of 
idivpathic hypercalcemia is associated with 
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anorexia, vomiting arc 
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cemia sugrested that it was related in some 


way to vitamin D intake or vitamin D. 
a: ‘individual, In other words, before the days 


metabolisin (7). fad. p ‘ie4 


this ciscase, ‘The _¢ epidemic poneaniaeg a 
time when 1, 1,000 units of vigunin 1D were 
a te reel etn at — set a 
being ded to each guart_of_milk ik cal 

ee eee tts 
vitamin D supplement wis being added to 
many | any Toodstuils, such as cercals, bre: cad, and 


iene It was feloguul that the m; jority ol 
‘infants in in Great cat_ Titan at ue that ti time 1¢- 


ceived Between 2, 2,000 and 3,000 tn units of 
vitamin 1) /day. “As soon as the vitamin D 


. wus taken oi ont of the loodstulls and the 


vitamin Dc in D content of milk was reduced to 
IMCHE OL MUR Was reduce 


400 0 units/gu the ¢ outbreak of of severe idi idio- 
pathic hypercalcemia came to an an abrupt 
ee ee ee 


end. Indeed, the decrease in the prevalence 
pod 


of idiopathic hypercalcemia was nearly as 
striking as the elimination of phocomelia 
in Germany after thalidumide was with- 
drawn from the market. The decrease in 
the severe form of idiopathic hypercalcemia 
that occurred with the reduction of the 
amount of vitamin D given to these infants 
is an incontrovertible fact, and it is a strong 
argument for the existence of some relation 
between theetwo conditions, 


Xs diopathic eee vie CS been exten 
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that these infants respond toa given dose 


Of Vitumin D witha grenter rise and ainore 


prolonged inaintenance of a high level of 
vitamin 1) in the blood than occur in the 
average individual, Bongiovanni, Eberlein, 
and Jones (8) and Fellers and Schwartz (9) 
have considered this variation in metab- 
olism to fulfill the criteria of “an inborn 
error” of metabolism; what is, the infants 
were born with an abnormality in the man- 
ner in which they metabolized vitamin D, 
This “inborn error” of metabolism is o 


such a nate that the infant is able to get 
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Aanals 
Teternal prpeofed 


reater effect from _a smaller amount of 


of isolation of vitamin D, these infants 
could use the vitamin D that occurred in 
nature more effectively than could the so- 
called “normal” individual, and thus these 
individuals were less $ prone to rickets; now, 
because \: can_add ld unlimit ted [amounts ¢ > of 
vitamin 1) to our dict, we say those who 
can use it more eflectively suller rr from an 
“inborn error” of metabolism, "The condi 
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‘tion_is_moic accurately described as an 


pone ‘Variant’ in met: pees 
ae 


aie aun ee {Oo met sbulize ¥ vitamin D of 
ene, a 
such an: Mature that ture that they can_be scriously_ 


and sei seveirly i injured by a dose of vitamin D 


that is is apparently not {injurious | to other 


children. Moreover, this dose is approxi- 
matel y only” ight times the usual umount 


requir vgunal growth and develop 
ment. The figure cight times the usual 
amount is derived because a decrease from 
approximately 3,000 units/day to 400 
units/day virtually eliminated the severe 
form of idiopathic hypercalcemia. 

It is also of interest that Blizzard (10) 
has seen a family in which. two childven 
have suffered from iodiopathie hypercal- 
cemia. When the mother of these two 


_ children was given a relatively high dose 


of vitamin D over a period of several weeks, 
she developed nervousness and a high 
blood calcium level, while the father 


showed no such reaction with the same. 


dose of vitamin D over the same period of 
time. It is also of interest that, although 
these children have both shown a heart 
murinur fiom time to time, neither of the 
childeen has supravalvular aortic stenosis 
or any clinical evidence of a cardiac ab- 
normality at the present time. Both chil- 
dren do show a tise in blood calcium when 
exposed to excessive sunlight and are there. 
fore kept out of the full sun in the summer, 
and they are never given food to which 
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vitamin D has been added. In this instance 
the basic disturbance appears to be one of 
an abnormality in calcium metabolism, 

‘To return to the problem of supraval- 
vular aortic stenosis—in_the spring of 161 
Garcia, Friedman, Kaback, and Rowe (11) 
reported an infant who was referred to the 
Cardiae Clinic of the Childien’s Medical 
and Surgical Center because of a cardiac 
murmur, On cueful_study this child_was 
found to have a high blead calcium Jevel, a 
High blood Tevel_of_vitamin D, and supra- 
valvular aortic stenosis. ‘This, we believe, is 
the first reported case in which both hyper- 
calcemia and supravalvular aortic stenosis 
hive been igquaied, 

In the summer of 1965 Black, Butler, and 
Schlesinger (12) 1¢parted fat one of their 
original pationts with a severe form of idio- 
pathic hypercalcemia dicd of hypertension 
and renal_failure_at_the age of JG years. 
Autopsy showed _renal_calcinosis, massive 
left_ ventricular hypertrophy, and supra- 
valvular aortic stenosis, 

Antia and associates (13) studied 14 chil- 
dren refered to our clinic with supraval- 
vular aortic stenosis with both the familial 
type and the type associated with mental 
retardation. They found that these pa- 
tients, regardless of the type of facies that 
they had, showed a wide spread in the 
range of their 1.Q.s; many of then were 
slightly, although not +severcly, retarded, 
and those with a normal 1,Q. showed cu- 
rious variations in their response to certain 
mental tests. One patient with normal 
facics showed an abnormality of the den. 
ture suggestive of that seen in patients with 
supravalvular aortic stenosis and mental 
retardation, These findings suggested that 
the two types of supravalvular aortic steno- 
sis represent different responses to the same 
underlying condition. | 


Recently, Beuren (14) studied two infants 


- who had been incorteetly diagnosed as hav- 


ing infantile tetany and had been given 
massive doses of vitamin D. Both infants 
at the age of 8 inonths had the full-blown 
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picture of supravalvular aortic stenosis, 
ripheral pulmonary stenosis, and severe 
mental retardation, Beuren has started vi- 
tamin D loading studies and has advised 
¢ ee eres 
me that not ouly do the patients with 


‘ supravalvular nortic stenosis and mental 


retardation show sin abnommal response to 
OT OTE LESPONSC_ UC 
vitamin D, but also, those paticnts with the 
familial type of supravalvular aortic steno 
v —————— 
SiS appear to he_abuoimally_stnsitive to 
Vitamin D. Beuren suspects that paticnts 
with valvular aortic stenosis respond ab- 
nommally to vitumin D. ‘This suggestion 
that aortic stenosis of the valvular type may 
be of similar or related origin does not 
surprise me because( Bonhamn-Carter and 
Sulhice (15) have reported Mat many mntants 
tying of idiopathit hypercalcemia showed 
abnormalities of the aortic valve] Exactly 
= : ae Dore i 
What determines whether an infant with a 
LL OE | 
high blood calcium subsequently develops 


supravalvular aortic stenosis is certainly not 


dear, Nevertheless, all present evidence in- 


dicates that injury to the cardiovascular. 


system occurs when there is an abnormally 


hivh blood calcium or an abnormality of 
vitamin D inctabolism or the combination 
of these two factors. Under such a combina- 
tion of circumstances the patient may de- 
velop what has generally been considered 
to be a congenital malformation of the 
heart. 

This observation introduces a new aspect 


.to the ctiology of malformations. We are 


all well aware that nearly all grades of 
severity of a malformation exist in almost 
all types of malformations, as for example, 
a large and a small ductus or a mild and a 
severe stenosis; and furthermore we recog: 
nize that the most obstructive lesions be- 
come more severe over a period of years, 
Also, we recognize that the extreme of one 
malformation may merge into another; for 
example, an infane with tetralogy of Fallot 
anda pulmonary atresia, who survives 
the closure of the ductus arteriosus, has a 
functional Wuncus arteriosus. ‘These obser- 
vations conceming hypercalcemia and vi- 
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tamin D indicate that at least in some 
instanecs the fetus can be injured and that 
such injury may result in a congenital mal- 
formation, eat hen injury cae is 


‘associated with a disturbance in the metab- 


olism of calcium and vitamin }) causes both 
mental retardation and widespread ‘injury 
to the vascular tree, which may result in 
supravalvular aortic stenosis, peripheral 
pulmonary stenosis, renal artery stenosis, 
possible aortic valvular stenosis, or perhaps 
even in some instances coarctation of the 
aorta. ] 
During this past winter (1965 to 1966) 
Friedman and Roberts (16) approached the 
problon experimentally. ‘hey gave preg- 
nant rabbits high doses of vitamin 1) to 
determine whether vitamin D crossed the 
placenta and to explore the relation he- 
tween maternal hypervitaminosis and su- 
pravalvular_ aortic stenosis. Miriefly, they 


found that[the blood level of vitamin D- 


in the pregnant rabbits given vitamin D 
was 18 tines higher than that in the con 
trol rabbits and that the vitamin D assay 
of the oflspring of the rabbits fed high 
doses of vitamin D was 9 times higher than 
that of the control, Among the 34 offspring 
Whose mothers had received high doses of 
vitamin D, 11 showed abnortialities of the 
aorta. |Morcover, 6 rabbits showed lesions 
that were anatomically similar to supra 
valvular auitic stenosis in man, In addition, 
T rabbit had a nonconstricting fibrous band 
above the aorta such as has been reported 
in inan, and another had 2 microscopic 
abnonmality in the proximal aorta; all of 
the controls wee normal.[In another ex: 
periment 6 offspring of mothers receiving 
high doses of vitamin 1D were given rela- 
tively sinall doses of vitamin D at 3 months 
of age. These rabbits developed generalized 
Vitamin 1D toxicity of the advanced type 
scen in adults piven massive doses of vita- 
min D, namely, generalised irregularities of 
the wall with degeneration and calcifica- 
tion} Friedman and Roberts emphasize the 
necessity for caution in drawing analogies 
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one 


between the experimental animal model 
and the clinical disease, Nevertheless, their 


experiments suggest that in certain animals 


—not necessarily all animals—an in utero 
derangement in vitamin D metabolism on 
the part of the mother or of the fetus or 
both may be responsible for supravalvular 
aortic stenosis, especially when the latter is 


‘associated with infantile hypercalcemia. In 


any event these experiments showed that 
Vitamin D can pass through the placenta 
and that abnormalities can occur in the 
offspring of the mothers who receive mas- 
sive doses of vitamin D and that smaller 
doses at a later date can severely injuie 
the avtta.] 

Obviously, experiments are needed to de- 
termine whether animals can be rendered 
hypersensitive to vitamin D, or oniy when 
mothers are fed excessive vitamin D may 
their offspring be rendered hypersensitive 
to vitamin D. Furthermore, their experi- 
ments also suggest that rabbits that have 
received an excessive amount of vitamin D 
in ulcro are susceptible to further injury if 
they are again fed vitamin D. 

The question arises: how widespread is 
this phenomenon? At the present time 
three variations in the metabolism of vi- 
tamin D are known: [1) the “hypersensi- 
tive” response related to idiopathic hyper- 
calcemia; (2) the normal or usual response; 
and (3) the children with vitamin D-re- 
sistant rickets. Are there just three points 
or is there a wide spectrum in the manner 
in which people metabolize vitamin D? Or 
is it all primarily related to disturbances 
in calcium metabolism? These observations 
open a tremendous field for study, and 
many of the problems lic in the realm o 
internal medicine, 

For example, as one considers the vari- 
ous types of aortic stenosis, one wonders 
whether the calcific aortic stenosis of ad- 
vancing years, that condition that has Jong 
defied pathologists as to whether it was 
congenital or rheumatic in origin, may not 
be of this nature, namely, the result of a 
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combination of some genetic factor of in- 
creased’ sensitivity to vitamin D and the 
amount of sunlight and vitamin D that 
the individual received over a period of 
years. 

In all probability there is some addi- 
tional unknown factor of vital importance. 
The phenomenon of calciphylaxis hat 
Selye (17) has studied may be of gree 
significance. We has shown that animals 
may be given a dose of vitamin D, and 
subsequently at a critical time the animal 
is given another substance that acts as a 
challenger and produces calcification in 
“various places. By varying the amount of 
Vitamin D and the challenger Selye has 
produced calcification almost at will, 

These observations open up many prob- 


lems—1 shall not speculate, Neverthless,{1_ 


do, seriously wonder how great may be the 
Variation in metabolism of calcium and of 
vitamin D and whether harm is being done 
by the widespread use of vitamin D in rela- 
tively high doses. Certainly we have vir- 
tually climinated Tickets, but some infants 
tolerate less than others and some infants 
anced more than others; and perhaps some 
adults with a special genetic background 
may be injured. 

Another interesting problem concerns 
the relation between calcium metabolism 
and hypercholesterolemia. In this connec 
tion, in 1963, Hooft, Vermassen, and Blane. 
quacrt (18) reported two cases. The first 


“* patient was a child who was known io have . 


severe idiopathic hypercalcemia. He was 
- treated with thyrovin and a low-calcium 
dict until 3 years of age; at 6 years of age 
he had a normal renal func tion, but he had 
hypercholesterolemia. The second was a 
pationt with characteristic facies and a 
typical history of idiopathic hypercalcemia, 
marked mental retardation, and increase of 
density of the Jong bares, who at the age 
of 8 years had hypercholesterolemia and 
aortic stenosis, In this instance, the type of 
aoitic stenosis is not known since the family 
of the latter patient refused to permit car- 
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diac catheterization or angiocardiography. 
Ke that as it may, the observation raises the 
question whether the problem is basically 
one of calcium metabolism or of vitamin D 
metabolism or the interaction of one upon 
the other, and what its relation is to cho- 
lesterol metabolisny, 

Whatever may be the outcome of these 
many problems, a new horizon has opened 
in the ctiology of pathological conditions, 
both congenital and acquired, and we have 
further evidence of the late effects of carly 
insults, My plea to you all is that, if large 
doses of vitamin D are not necessary and 
there is any possibility that they may do 
harm, do follow the old adage, “If you 


"cannot do good, be sure not to do harm.” 


rd 
Summanto in INTERLINGUA 


Ic possibilitate del lesionage del systema car 
diovascular per vitamina D es suggestionate 
per le evidentia que un certe relation existe 
inter hypercalciemia idiopathic e le typo de 
Stenosis aortic supravalvular que es associate 
con periplieric stenosis pulmonar, retardamento 
mental, ¢ peculiaritates del facie. 

Iste ultime characteristica esseva recogznoscite 
como frappantemente simile al facie de juve- 
niles qui ha supervivite a formas sever de hyper- 
calciemia idiopathic. In plus, necropsias in in- 
fantes con hypercalcicmia idiopathic ha revelate 
evidentia de un extense Iesionage del systema 
cardiovascular in association ‘con anormulitates 
del valvulas aortic. Un subjecta con hypercalei- 
emia idiopathic qui moriva al ctate de 16 annos 
habeva stenosis aortic supravalvular, Un infante 
con stensis aortic supravalvular habeva un 
alte nivello saaguinee de calcium e monstrava 
un responsi a vitaimina D simile a illo que 
Occurre in subjectos con hypercalciemia idio 
pathic, 

Hypercalciemia idiopathic es cognoscitemente 
relationate al quantitate de vitamina D ingerite 
c/o al metabolismo de vitamina De es re 
guardate como un “error innate” in le metabo- 
lismo de vitamina D, 

Le studios experimenial effectuate per Fricd- 
man in conilios ha monstrate que vitamina D 
pote pussar cistrans le placenta, que grande 
dows de vitamina D alimentate al matie cau.’ 
sava in le prole un atiormalmente alte nivello de 
vitamina Da nato, e que septimanas plus tarde 
un dose medie de vitamina D causa un reac 
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tion toxic simile a illo que occurre post le all- 
mentation de quantitates massive de vitamina 
D, 

Iste observationcs apcri nove vistas in Je etio- 
Jogia de malfermationes € suggestiona forte: 
incnic que, in subjectos susceptibile, vitamina 
1) pote esser nocive al systema cardiovascular 
ante ¢ post nato, HH seque que incticulose at- 
tention es recommendabile in Je uso de doses 
massive de vitumina D in patientes de omne 
clates, 
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Supravalvular Aortic Stenosis 


It {g now evident that some infants have the ability te metabolize vitamin D to such an 
extent that they can be seriously injured by a dose of vii..min D that {is apparently not 
harmful to other children. The severe form of #. called idiopathic hypercalcemia seems 
to be related to this unusual ability to metabolize vitamin D. There is also evidence 
that hypercalcemia is, in turn, related to supravalvular aortic stenosis. In fact, many 
infants dying of idiopathic hypercalcemia show abnormalities of the aortic valve. Exactly 
what determines whether an infant with high blood-calcium levels will subsequently 
develop supravalvular aortic stenosis isnotclear, However, all present evidence indicates 
that injury to the cardiovascular system occurs when there is a abnormally high blood 
calcium and/or abnormality of vitamin D metabolism. Under such conditions the patient 
may develop what has generally been considered to be a congenital malformation of the 
heart. The author concludes: “My plea to you all is that, if -large doses of vitamin D 
are not necessary and there is any possibility that they may do harm, do follow the old 
adage, if you cannot do good, be sure not to do harm.,"- 

Taussig (Baltimore, Md.), Ann. Int. Med. 65:1195 (Dec.), 1966 


No. 14 THORAZINE 
Pregnancy Tests 


An 82-year-old woman developed jaundice after receiving 20 mg. Thorazine (chlor- 
promazine-SKF) daily for approximately 10 days. Of unique interest was the unusual 
and serendipitous finding of a positive immunological pregnancy test. Two wecks after 
ye drug was withdrawn pregnancy tests on blood serura and urine were negative. The 
pusitive test was probably caused by excretory by-products of Thorazine in the urine 
or by Thorazine-induced changes in gonadotropins. Lactation and breast engorgement 
is known to occur as a Side effect of Thorazine therapy (Clin-Alert No. 11, 1964 j;. - 
Paoletti et al. (Detroit, Mich.), Am. J. Med. Sci. 252:570 (Nov.), 1966 - 


. No. 15 - FURADANTIN 
Pulmonary Reaction 
Pulmonary reactions due to Furadantin (nitrofurantoin-Eaton) have been previously 
reported (Clin-Alert No. 329, 1965; Clin-Alert No. 235 & 329, 1966). In these cases the 
patients were acutely ill. The present report Is of special interest because it.represents 
‘a subacute pleuropulmonary reaction sccondary to F urandantin that manifested itself in 
a debilitating pulmonary illness, The patient had taken the drug for one year before 
symptoms of respiratory distress developed. The clinical course was characterized by 
marked dyspnea and orthopnea at rest, which were intensified by the slightest exertion. 
Tachypnea between 44 and 5U respirations per minute interfered with proper nutrition. 
Both lung fields were resonant and the breath sounds were emphysematous. Finecrepitant 
rales were scattered throughout both lung fields. All medication was withdrawn and 
prednisone therapy started. The response was dramatic. After one week the dyspnea 
and orthopnea ceased. Chest X rays revealed progressive clearing of infiltrates present 
on admission. Complete recovery ensucd, - : 
Sollaccio ct al. (New York, N.Y.), Ann. Int. Med. 65:1284 (Dec.), 1966 
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canny a prcater risk of complications fom the Uri 
itself, 

Although this study Cemonstiated ne serious come 
plications or increased prevalence of infections Jao the 
treated proup, the wide use of penicillin ve oot 
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Streptacoceus (eamina ae beta hemo i] 3 
lytic) 


Proteus vulgaris 


- ieQlere 
Richerichia coli Acsobacter acre. ~- 
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proper indication has paralleled the gencration of 
infections with hemolytic Staph. evreus resistant to 
penicillin in hespital populations. 

One should be cautious before initiating prophylaxis 
with other sntibiotics that may at present be con- 
sidered to he cflective aginst the staphylococcus, 
until there is clear-cut evidence that general surgical 
pationis will Le benefited by it 
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A Defect in Vitamin D Metabolisn, 
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wy PPINN the past decade, a new syndiome has 


been des rifed by Fanconi et al’ in infants 
showing retardation of growth. Mental retardation, 
renal dysfinetion and osteoselerosis, in addition te 
dwarfism, characterize this clinica! entity, and hypor- 
calcemia, hypercalciuria and azotemia are the major 
Ivochemical abnormalities. 
At about the sane time, Lishtwoud?? reported a 
large serics of infants showing idiopathic hyper- 
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calcemia in whom failure to thrive, anorexia, vouutit- 


ing and constipstion were often associated with 
thirst’ and polyuria. Hypercalcemia and azotemia 
were also found in these infants, but ostcosclerasis 
and mental retardation were not observed. In con 
trast to this mild, reversible form, only a few reports 
of the more severe disease have appeared. 

Since few detailed metabolic observations have 
been made in this disease, the following cases and 
studies are reported. ~ they show a consistent altera- 
tion in calcium and phosphorus metabolism and a 
relation of the abnonmality to vitunin D metaholion. 


Cas, Rivonvs 


The growth curves and laboratory data for the § 
cies ue piven in Fiemme Pand ‘Table 
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(ren ENS. (49-91-97). a female dfant horn on July 
HORM wetehed 26 be aed treevesteedl SO ease. de, | Ps 
Shr wae niven a tesaher wholes formula coda situnia 
feed eration? Pb teacpeoahaal aily. until the ane of 10 
nomths. She touh sali food fram 3 to G months, bat after 
Zawmths she becune a severe feeding paoblem, with inter-  € 
iden vorniting, and intake actually averoned only SO gal, 
ef milk a day. Growth was reuudid and at the ace of 5° 
mnenths she weoirhed 5.76 he. Mer Ist tooth crapted of B 
penthe At the age of 15 months she Was adioitted tw he 
Recpital for evaluation of a Ielt-sided Social paralysis of | 
week's duration, The family history was noncontributory. 
Mt this ine she weished 6.7 kp., and the head chreuaference 
wis Wc. Tnitial laboratory studics showed at Ive payers del 
ef 104 em. per 100 nt; urinalysis reveded a specific paavit 
ef 1012 Sod ateace tot test for albutain, ‘The blood jen 
retein nittoren was elevated at 74 ng. per 100 sn. Ve 
cance she foiled to sit up: or support’ her weirht aad aoeedle 
tv fort at vocalization, she was considered. to be doentally 
setanted. Neray study of the skull showed « nicpeceania, 
with increated density of the bone. - oe 

She was readmitted to the hospital on Jannary, 9, 1956, 
for diagnostic studies. On physical cxainination the blood 
pressive was 110/60. She was small, appeared nrlnounshed, 
weighed 6.9 ke., mracured 74 em. and dad a head circum. 
lurcuee of 43.5 em. She Was inritable and whined constantly. 
She followed objects with her eyes, but did not teach for 
than. A Grade J systolic murmur was heard in the 2d sicht 
cesta interspace. The liver edre was alosted 1.5 cin. below 
the sight costal miaegin. The remainder of the physical 
eaanination was not remarkable. 
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Ficusn 1. Growth in Severe Fy percalcemia. 
The shaded area represents average 3d to 97th fereentiles, 


Examination of the blood showed a hemoglobin of 10.0 
fin. por FOG aul; the masinium scrum calcium was 3.5 milli. 
tools por fiter, the alkaline phosphatase was nomial, and the 
fiver ficculstion studies were negative. Usinary alpyha- 
Amine nitrogen was 13.3 me, per 44 hours. X-ray study 
showed markedly increased density, with areas of irregular 
decareavd calcification at. the ends of the long bon ‘. 
Nephrocalcinosis was evident in the abdominal fil. The 
Patient was discharmed ona low intake of vitamin J), with 
todo phytate, 0.9 pain. twice daily. Jn the interval before 
the 3h acinission, in daly, 1957, she beean to eat better and 
was able to tohe sume strained food; however, she had 
fiequency of urination, 


*The cadiadoghe features of this ene have bee  nported previously." 
el tcitatte ae VEG fron Abbott Lalutatales, Noth Chicage, 
eestede, 


PELELRS AND SCHWARTZ 105) 


£656 


At the time of the third adintden for bal mee and renal. 
function studies at the ane of SG months, che weighed 8.0 ' 
Ker, and aed S45 am. in Jenrth, and the head chew. 
ference vers 19 om. The hood bressine wees 116/80. The 
temainder of the examination confirmed he marked degree 
ef smental retardation, Laboratory studies showed a hemo. 
globin of PLO gin. per 100 toil, end urinalysis was unre ’ 
workable, Vwo f-day balance collections for calcitun and 
Nittusen were obtained. after which disciete inulin’ and 
MEvaminohippurate (PAI) rencl-clearance studies were 
done (Fable 2), : : 


Cant 2.9 DW. (14-49-71), a mle infant, was born on ; 
August 21, 1955, after an uncomplicated pregnancy. He 
weirhcd 3.3 hy. mat cocasured 49 con in Jonpth, He was 
given ao whoie-suilk formula and vitamins, § 0.6 onl, daily. 
At 3 months of age he weighed 4.8 Ig. Ve siniled at 4: 
months, At S months, his physician noted that he was sinall 
for his ape. Ve weighed 5.6 kas. at 6 months. Alter this his 
food intake decreased: he vomited eceasionally and failed 
to Brow. During a hospital admission at the age of B months 
an clevated blood urea nittogen and an abnormal urinalysis _ 
were found. Bone are was determined to be at the 3-mnonth 
level. He was then Ae to the Children's. Medical 
Center for evaluation. In the 3-week interval he reecived 
15 mg. of thyroid daily. 

On adinission at the age of 9 months he was well pro- 
portioned, but sina. We weighed 6.0 ke., his length was 
63.5 cm, and his bead was 40.5 cn. in cheumference. The 
blood pressure was 140/86 with a 5-cn. cull. He had a 
Peculiar “clin" facies, and a ticht-lower-facial-nerve paraly- 
sis Was apparent at tincs. A Grade 2 systolic murmur was 
heard atons the Jower deft sternal border. ‘The remainder 
of the physical examination was negative although the pa- 
tient did not sit or make efforts at locomotion, Urinaly sis 
was abnoumal Ancinia (hemoglobin of 8.9 sm. per 109 
inl.), wild ivotemia and hypercalcemia were found. Usine 
culture yielded several organions on three occavons. X-ray 
studics showed -a definite increase in density in the metas 
physeal area of the long bones, at the base of the skull and 
in the pelvic and vertebral bones. An intravenous Py Cogran 
showed poor exerction of the dye Vhe. kidneys did not 
appear small, and na nephoocalcingsis was noted, ivpsics 
of rib, liver and kidney have been reported in detail else. 
where.” In particular, the kidney had an attophic cortex 
and tubules, He was given sulfisoxazole for the wrinary-tract 
infection and discharged on his regular intake, ; 

At the ave of 13 months he weighed 6.4 ky. ave measured 
65 em., and the Mood pressure was still clevated (150/60), 
We was taking: approximately *i00 ml. of whele milk daily 
and some solid fvods. He was then stazted on sodium 
phytate, 1 gm. daily, and the vitamin D was omitted froin 
his vitamin intake. ‘Iwo months later he was started on a: 
milk containing no added vitamin D as well, which was 
continued to the age of 19% months. ' 

When he was admitted to the hospital for special inctabulic’ 
studies at this time, he weighed 6.7 ke. and imcasured 69 
em., and his head circumference was 41.5 em. ‘The bivod 
Pressure was 340/110. There had been no sirnificant 
chanse in his condition, We continucd to grow slowly. Both 
wotemia and hypercalcemia peisisted. Two 5-day balance 
Studies were obtained and discrete renal function was 
evaluated by the technic of inulin and PAIL clearance with 
phosphate loading. Marther x-ray studies showed snarked 
Progression of the osteosclerosis, 


Cast. 3. RL, (46-26-79), a male infant, «ss born on 
January 26, 19575 he weighed 2.2 ke, and measured 48.3 
em. He tock 800 10 1000 mil, of a whole-nilk formula daily, 
In addition, he reecived 0.8 ml, of a standard vitamin 
Preperation containing 1000 units of vitamin 1) per 0.6 nil. 
Development was noinad during the Ist 3 months, when 
he weinhed 5.4 ke. and measured 59.7 cu. At 44 months 
he had 2 teeth, ' 

During the next 2 months be failed to gain weight normal- 
ly and did not seem to advance developmentally in learning: 
or sitting, Ve ate pooily, Examination of the Llood showed 
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n peril Yor sarersele ‘in ail Heenpeptenes nities en A plein filing 
Of the abtamen arte cl increased density of bone, and an 
iiteavenors pryetocin dnl ated poo execneten of dye. Pe 
was cdortted te the hoadtd on Aususe 2 for evaluation. 
Vhe faudly history was noncontibutery, On odimlesion he 
weighed $9.7 his and amessured G2 cm. in Jeneth; bis head 
cireumfercnce was 43 0n., and the Mood pressire was 
88/60. Ve appeared chronically iM, but physical examina- 
tion was othemwite unmemcoluble, Eaconination of the Llood 
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‘ mo. mitlionels {24 kr, 


Case PE (hein T/9/ 58): ~ 
10/55 5 


wiillimals st he. 


12/35 


(444 Suflowitch 
test) 


(444 Sullowitch 
test) 


2.25 (4.4 Suthe- 
witch test) 


Go. 1.28 


Cave 2 (horn 6/21/55): 
6/% 9 


0.90 (4 44 Sulko- 
witch test) 


1.96 (+4 Sutho- 
witch test) 


9/6 13 
N/K 18 


1/57 1.09 (4 4 4 Sulke- 


witch test) 
0.50 


4/57 20 : 


’ 
Case 3 (Lorn 1/26/57): 
7/5? iG 


8/3? 6% 0.94 (44 4 Sulle 
-witels test) 


10/37 
41/57 
12/97 


showed a hemoglobin of 9.27 cm. per 100 mb A random 
specimen of usine had a specific gravity of 1.909, and an 
overnicht specimen for concentration had a specie pravity 
of F012. The masinum serum ealeinm was 3.3 anitlisneds 
per liter, Creatinine earance was depressed. N-eray stacy 
of the shall aud dong tence showed jucreased density, but 
not to a moahed depree, He was piven milk Jow dn vituinia 
Dd, and other exogenous vittenin PD preparations were discon. 
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Ve centinged to dad 


tinged. approximately P Yer of silk 
pee dey at home and prow slowly, At the ace of PP month: 
he wetehed PEE Leo and aeased 09.9 cn » antl bes head 
Civeumference was 47 cm. i 


Moistions 


Balance studies were carried out on a metabolic 
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POUIING Teste MEIMECTONIN WON rROVT IM 


NtIroceN 


. gt. L100 wal, 60g. 100 mab, 


Specific geavity, 1.012; pil, 7.0; 4 10.4 


fest for allaimin. 
pil, G5; 4. test fos albuunin; Esche- 95 
sichia coli. e 


pit, 5.0; 4 tetor albumin: alpha 10.0 


antino nitsogen, 13.3 mg./24 hr. 
\ 


es 
. 


pil, 5.5; negative test for albumin. 


Sjrcific gravity, 1.005; pil, 6.5; ¢ 
test for albumin, 


Specific gravity, 1.99%; pif, 6.0; trace 
test for albumin; Bek. coli. 


: , 
Specific gravity, 1.004; pit, $.0; nega- 3.3 
tive test fur albumin; casts in sedi- 
ment, 


pu, 6.0; trace test for allumin; Pro- 8.8 
‘tems vulgaris. 


pli, 5.5% necative fest for atumin; 
granular costs in sediment. 


pit, 5.0; trace test for albumin; 
clumps of white cells in sediment. 


pil, $.5; trace test for alluming Fach. 
coli. t ‘ 


Specific gravity, 1.012; pl, 66; uega- 
tive test for albumin, 


ward, Intake was detemmined from the analysis of 
duplicate diets and of refinals, Vomitus was analyzed 
separately. Stool periods were marked with a stand 
ard 350-17. carmine dye orally. Vurily specimens of 
urine were collected undes oil in an iced container 
and pooled for analysis in five-day periors, Mood 


Wee Re ae PTOPNT IG: PIYPURCAL CUM 


samples tahen at the start of ese pored and at other 
tines were allowed te elot for one hour, when sre 
wos removed and frozen Serum lipaprotein deter 
mminations were analysed inncdiately, 

and wine 
wud cicested with concen. 


Vhe 


Infant foods, fornia, homogenized ston! 
were weighed in aliquots 


tated nitric acid and heat fos forty minutes. 
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Cave 2 (leven G/21 755): 
6/4 28-32 


3.0.3.8 


2.4-3.2 


Cae 3 (horn 1/26/57): 
Uc ang 


6/57 2.9-3.3 


1/57 3.6 : : : 1? 
tA? 3.3 2.2 
12/57 "gs 2.2 


sunples were broveht to volume ahd filtered if NEECS 
sary, Por phosphorus and nitrogen analysis, original 
aliquots were digested separately with concentrated 
sulfianic acid. Sodium and potassium were deter- 
mined by inteynal standard Mane Photemetyy,® chlo- 
Hide by a modified Volhard Uitition,"* phospleras 


gem f 100 ml, 
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technic sud caleium 
teow hy dvitial oxalate precipitation fol-. 


hy the File and Sulbasrow® 
ane asaacne 
lowed by Denes Soni phosphate precipi- 
tation. ‘Phe precipitates were dissolved in perchloric 
acd with heat, and the cation titrated with cihylene- 
dinitile-tebaceiic acid with Cal-Red indicator? for 
ealciuny and) crichrome-black/7" for MANES. 


Tani 1 (Concluded). 


Sime 


Bay ae 
ree 


Crlerteanee not. AURALING 


POST AvaRE 


ong. /100 onl. Badansly units 


PIE, eathon diaxide con- 
tent, clilevide, sodivem, 
Potasipin & alphaamine® 
Riltogen igarenal oie 


o 4968 


CS 
PI, carbon diexide eon. 
fent, ehluride, sodium & 
Polavium normal 


Cathon dioxide, ehloride, / 
sodium & putasiuin nor 
mal 


4.5-9.0 


pit, caibon dioxide, chile , 
tide, sodium &  potane 


- sium normal ctr ee 


! 
Cantera! inside "20 mille * 
mol /liter; pi, chloride, 
sechiom & petociue nuee 
mal. 


68 
260 
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Serum magnesium was determined by a modified 
titan yelhav photomets ie technic,’ cholesterol by the 
Schocnheinie Sperry method,”? serum total protein 
by a micro-Kjeldaht dsestion technic,’* scrum vitae 
min A and carotene by a medified Mackfaa and 
Mary tectonic,’ sand thric avid. by a modification af 


» 


174 


the method of Nutel cor 
detenmined hy an electrometiic ttation wine the 
Van Shyke and Patnier method"? tatable ac idity hy 
fittation to scrum plb with a pil meter with externally 
shielded clectrades, and ammonia by Gonway's'* 
miicradi fusion technic. 

Vitiinin D was determined by the standard AOAC 
bioassay anethod’? as follows: normal weanling 
Sprague Dawley rats, twenty-one days of age, were 
placed on 2 rachitogenie dict contsining 1.2 per cent 


Uninary orpanie acid was 


Tanis. 2. Renal-Funetion Data. 


Inuiin 
Cirarance 
“¢ 
onl fimin fon? 
14.4 


16.7 


s Soe ae = 


Normal range * 76.0 + 15.0 


calcium for twenty days. At the end of this tine, 
severe rickets was manifest. The material for analysis 
was mixed with shim-milk powder, which had been 
ether extracted. This was fed in two doses on the 
first and third days. The dict was offered for a ten- 
day period, during which body weight did not 
decrease. The rats were then killed, and the tibias 
were dissected from the soft tissues. A Jongitudinal 
section of the proximal epiphysis was rinsed in water, 
. immersed in 2 per cent silver nitrate for one minute 
and rinsed again in water. The specimen was ex- 
posed to daylight or an ultraviolct-light source for 
onc to three minutes. ‘Wie degree of calcification as 
evidenced by black staining without discoloration in 
the uncalcified areas was inuncdiately yradcd 1 to G; 
Grade 4 represented a solid Jine across the metaphysis. 
Seven rats, all of which had readable grading results, 
were considered adequate for cach determination. 
Clearance procedines were determined by both the 
endogenous ercatinine and the inulin and PATI 
method. Creatinine was determined according to the 
procedure of Ware and Mare.2® Discrete clearance 
ncasurements were performed after a standard prim- 
ing dose of inulin and PAN, followed by a sustaining, 
infusion of both in isotonic saline solution.2#*? Urine 
was obtained from an inlying catheter and collected 
under off with a sterle-water bladder wash. At Ieast 
two bloods per cach thice clearance perivds were 
obtained for extrapolation of sentim values. A buf: 
fered phosphate solution for phosphate loading con- 
taincd sodium phosphate, 11.36 pm. (80 millimols), 
and sodium diphosphate, 2.76 gin, (20 anillimels) in 
1000 anal. of solution. “This solution was approsi- 
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mately isotonic (269 mito Js por liter) and con. 
tained Samy. of phosphors por milliliter, The pu 
was cheched after wotocaving and below edininistra. 
tion and was 7.4 to 9 4. A priming douse and sustain. 
ing solution were given, 


Nesursrs : 


The 3 infants were normal at birth, but by the age 
of four or five months evidence of a Leneralize 
growth disturbance apposred (Fig. 1). Each child 


TSS eee 


Maximuse 
Srorition 
or Pars-astine 
la Ilivrurnse Acw 


Puanation 
Teaction . 


Pana-asino 
Virvunie Acin 
Crrarance 


Curatinine 
Cia arance 


mb. frin fin? ; onl. finin.fin® : , medmin sm 
26.6 : selec nea 
6.2 & 23 < 


~ _ 


— F — 


360.0 + 70.0 0.25 + 0.03 42.0 & 10.6 
pe ae ee a ee 


had been first referred to the hospital for Sailure te 
thrive. ‘The diagnosis of hypercalcemia was not 
recognized immediatcly in Case 1. However, the sub- 
sequent radiologic findings were diagnostic. Both 
Case 2 and Case 3 were recognized initially from the 
x-ray studies, which indicated the abnormal bone 
density. 

Laboratory data are presented in detail in Table 1. 
The scrum calcium concentrations were elevated 
(2.75 to 3.65 millimols per diter whereas the nonnal 
range is 2.49 to 2.75 millimols per liter), although 
occasionally a normal valuc was found. Magnesium 
concentration in the scrum was slightly elevated ona 
fev determinations, which may have been related to 
the depressed renal function, Serum phosphorus was 
variable, but tended to be normal. During a period 
of progressive avotemia in Gase 1 the serum phios- 
phorus incicased, but later rcturned to normal levels 
with her general improvement. 

Cholesterol values were only occasionally elevated. 
Scrum total protein determinations were nonnal. 
Scrum total lipoprotein was normal in Case 1, 280 
mg. per 100 ml, and Case 3, 571 ing. per 100 aol. 
(normal, up to 800 me. per 160 ml.). Serum vitamin 
A was consistently clevated in all 3 patients (94 to 
187 microgm. per 100 ml.) and scrum carotenoids 
were elevated in Case 3 only. 

Serum citrate was increased in 2 patients, being 
3.5 mg. por 109 ml. in Case 2 at eighteen months and 
9.0 ng. por 100 mb. in Case 3 at cight months (nev: 


mal, 1.6 to 2.8 mg. per 100 mil.). All:aline-phospha- 


tase levels in the scrum remained in the normal range 
thoughout, 
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The penal fie tion studies incheated Sinilicant in. 
painment inal! 3 infants (rable 2), 
filtration was reduced to 20 to per cent of normal. 
Renal plasiia fiow, determined in 2 of the patients by 
PAT clearance, was decteased to an eqnal deriee, 
with a resultant nommal Alation fraction, Vubular 
scerctory function (PAV tubular maxima) in 1 pa- 
tient (Case J) was depressed to the same degice. 
During this study with a nonreabsuibable anion 
(PAT) Joad, potassium sceretion was noted (the ex- 
creted to filtered ratios varied from 4.72 to 2.00). 

An i cid urine (pil of 5.03 to 6.62) was excreted 
by all the infants, and significant titratable acid and 
ammonia were found. Although maximal acidificae 
tion Was not evaluated after acid loading, an increase 
in Gilratable acidity was observed during phosphate 
loading. Uninary excretion of oreznic acid was nor- 
mal, but urinary citrate was only 40 to 50 mg. per 
twenty-four hours (normal, 100 to 120 Ing.» per 
twenty-four hours) in each child. Mxeessive amino- 
acidutia was not found jn 2 of the patients (Case 2, 
9.2 mg., and Case 1, 13.3 mg. per day). 

Phosphate excretion in Gases 1 and 2, determined 
during the clearance studies with inulin, is presented 
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Patients with hyper. ° 
cakemia;: Q 


Case 1 (36 mmo. of 
age) 


Case 2 (19 mo. of 
age) . 


Normal infant (16 ino, 1.8 
ys 


of age 
3.6 


20 br. after (00,009 units of vitamin D intramuscularly 
2] 1.9 V3 
Gly 3.9 208 


*Refesence data acealoulated for purposes of comparison. 


{During intravenous buflered phe: phate Jooding, 


in Table 3. In both patients phosphate reabsorption 
Vatied from 66 to 90 ynillimels por 100 mil. of filtrate 
at normal serum phorphote levels. An acute phios- 
phate load, which raised the serum phosphate from 
15 tu 2.3 millimols per liter, caused a twofold jn- 
eease in phosphate reabsorption, 

Calcium exeretion in the urine was Cevated in all 
S infants and vnied frum 0.5 to 1.5 millimel: per 
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day. Vhe calcium and nitiogen balance. data ate 
presented ia Fisane 2. In relation to the miniual 
nitrogen balance, which Muctuated insignificantly, the 
calciuin bacanee was positive (13 and 19 per cent in 


Case 1 and 33 and 36 per cent of the intake jn 
Case 2), 


Casr 2 
ar 19 Mo, 


5-Day Prnions 


Ficunr. 2. Balance Data in Severe Nypercateemia. 


Futake is plotted up from the baseline; stool (crosshatched 

erect) and urinary (stippled arent) exerction are plcited * 

down jroim intehe. A clear arce represents positive belance; 
an area below the baseline represents negotive balance. 


The results of the bioassay for scrum vitamin D 
activily are presented in Table 4. The level of scrum 
activity in 4 normal infants receiving standard multi- 
Vitamin supplements varied froin 100 to 200 units 
per 100 mnl.-of scrum. Jn contrast, the levels in the 
3 hypercalcemie infants were marhedly elevated to 
twenty to thirty times the normal values. “he scruin 
of the hypercalcemic infants contained 1700 to 6000 
units of vitamin D activity per 100 ml. ‘These valucs 
are comparable to the results obtained in serum from 
1 child with resistant rickets who reccived 62,500 
units of vitamin D orally a day. 


Discussion 


Although an excessive vitamin D ingestion or an 
unusual sensitivity to this vitamin has been postulated 
as the cause of the mild form of idiopathic hypercal- 
ceemia of infancy,? no direct proof of this relation has 
been obtained. Vhe high incidence in Great Britain, 
where over 200 cases were iccognized in a two-ycar 
period, has diminished since excessive exogenous vitae 
min WD intake has been curtailed there.’ Previously, 
infants in Britain were estimated to receive as much 
as 41000 units daily, mainly as caleiferal added to 
infant foods. An intake exceeding 1800 units daily’ 
has been shown by Jears and Steamns®® to retard 
optimal prowth in young infants. ‘The Dritish Paedi- 
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and growth retardation and ostcoselcrosis; moicover, 
the disease is usually self-limited and benign. Therapy 
of this form of the discase consists of removal of vita- 
min D from the diet, a reduction in calcium intake or 


Varun §. Serum Activily of Substonce Similar to Vita- 
min D in 3 Wypercoleemic Jufants and a Patient with Re- 
. sistant Wickets (Rachitie-Rat Bioassey). 
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the administration of cortisone, or all three. ‘These 
cause the scrum cilcium to return to normal more 
prompuy, with improvement in the elinical condition, 
Such treatinent generally seems to be necessary for 
only a few weeks, Ee : 

In contrast te the more frequently reported Light. 
wood or mild form of hypercalcemia is the limited 
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eeerrrence of the severe or Fancon} type, of which 
mere than 19 eases have heen reported. “his ApPpoars 
tobe sa unrelated cutity, although there are feats 
common to both. he cases reported here are Stril,. 
ingly similar to the cases of Fanconi and Schlesinger 
(Vable 5), 

The carly history and growth data indicate that 
the 3 infants described above were normal at hirth 
although 


no chemical and radiologic studies were 
available then, 


> 

The exact time of onset of the disease 

is unknown, and the possibility of an onset tn ulcro 

related to some maternal influence cannot he ex. 

chided. The earliest signs were nonspecific and r¢. 

to growth retardation. Only careful 

radiologic and chemical sMucies clarified the diagnosis 

Renal impairment, evident readily as Azvoteiia, is 

one of the principal findings (Table 6) in the severe 

form of hypercaleemia. There was significant impair 

ment in glomerular filtration, renal plasma flow and 
tubular sceretory fungtion. "Phe symmetrical reduc. ¢ 

a 


6. Clinical Features’ of Severe Wypercaleemia, « 
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Case} Cane 2 Case $3 
Death & omental tetardation (with + + + 


Convergent strabismus) 


Tanne: 


Foarurta 


Pevisteut hypercakensia eee 2 fe 
Nuonal or elevated phophatenia 


Renal disturhaners, Puminuris, R70. 


feimia & how clearinces 
Nypereakiunia (& hyperphosphaturis) 
Onstervec he resis 
Alkali reserve slightly lowered 
Chotesterol slightly elevated 


COR + Ot we 405 


Serum sodiun & chloride normal 


Asyinptomatic heart disease 


ee = 


tion to about a fourth of normal with a normal filtra- 
tion fraction (glomerular filtration rate to renal 
plasma flow) and a normal cNective tubular ratio 
(renal plasma flow to functional tubular tissuic) indi- 
cates a loss of total ncphion population, The renal 
biopsy in Case 2 at nine and a half months of age was 
consistent with these observations, VWypercalcemia 
per se may cause diminished renal function, which is 
reversible" Since the hypercalcemia ‘undoubtedly 
was present before diagnosis, the exact relation to the 
renal impairment found is not known, Certainly, 
considerable renal damage was present at the time of 
diagnosis at eighteen, nine and seven months of age 
in cach child, as was evident from abnormal uti- 
nalyses, azotemia and diminished clearances. Renal 
infection was found in 2 of the infants (Cases § and 
2) 4s a complicating event. 

An interpretation of phosphate clearance in these 
infants js diMeult because of the advanced renal int 
PaAiorwnt. The contral values, as compared with 
those of normal infants on a sutface-area basis at 
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nen) serunt lovely. were either nornal or de puessedl, 
However, when comeeted for the dininihed Gtered 
Joad (low glomeruli filleation with prorercl serena 
concentrations), the tubules reabsorption was) ine 
creased. ay compared fo data from adults with simi- 
Ialy depressed function? (Voable 3). The addition of 
a phosphate load: (in Case 2) resulted in a ivefold 
increase 3 reahsonption. “Vhis inercase js similar in 
degice to that found by Klein and Gow?! after 
perenteral vitamin 1) administration, Although the 
actual value for maximal tubules reabsorption (15) 
as compared to values obtained during neil renal 
function is decreased, the ratio of Viup to doad was 
increased in this infant. 

Ralance studies in 2 of the infants were carried out 
while they were piven their usual dietary calcium 
intake. Since both infants were retarded and inac- 
tive, prolonged balance studies were feasible. Nitro- 
gen retention was negligible in both infants: Jn 
contrast, calcium balance was niarkedly positive, 
especially considering the absence of growth. The 
degree of net absorption, which varied hom 17 to 35 
percent of the intake, was unusual and undoubtedly 
contibuted to the marked asteosclerosis present in 
these infants, even though hypercalciuria aceurred. 
Hyperealciuria, which is an Hnportant feature of the 
syrhiome, may be related to the hypercalcemia, 
although ineieased calcium exeretion has been de- 
saibed with normal serum calcium concentrations. 
Dent has suggested that vitamin D may have a local 
action on the kidney tubule to promote calcium 
exeretion.*® 

Although no consistent pattern in serum cholesterol 
was observed, an abnonnality in Npoprotein mictabo- 
lism has been Suggested. Salt and Wolff" have des 
scribed 2 infants with severe hyperealceinia in whom 
cevated lipoproteins were found. In 2 of the cases 
reported above, lipoproteins were separated in the 
scrum by ultracentiifugation. In 1 infant (Case 1), 
at four years of age, a normal distribution pattern 
was obtained. However, in the other (Case 3), at 
fifteen months of age, a total value of 571 ing, per 
100 inl. was found, with 261 mg. per 100 il. in the 
beta-lipoprotcin fraction (Si**) (normal, up to 270 
ing. per 100 0n1.). Forfar et aloe postulated an abnoar- 
mality in cholesterol metabolism with the production 
of a substance active in vitamin 1), although a defect 
it lipoprotein metabolisa was not considered. 

The vitamin A levels, which were elevated in all 3 
infants, alse suswéest an abnormality in lipoprotein 
metabolism, “The vitunin A intake was estimated to 
be SQ00 units daily, a dosage that does nat usually: 
tesult in inereascd serum values. Krinsky, Cornwell 
and Onley” recently demonstrated the transport of 
Vitamin A and carotene in lipoprotein fractions of 
human scrum. A defect in the rate of clearing of 
serum Tipids by an altered lipoprotein metabolisin has 
hat been domonstated, however, in this disease, 
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The clevated sores citrate levels found dn 2 of the 
fonts ducing the early phlise of the disease Mnty 
have been selted to the action of vitamin 2)! Carls. 
som” has supcested that vitunin 1) results in dis. 
salution gather han aeesction of bone, possibly 
throueh cithate metabolism. Fur thermore, citrate his 
been increased jn serum: and tissues (other than the 
liver) by vitamin D) achuinistration®" Urinary citrate 
was Jow rather than clevated; however, the severe 
renal dnpaininent limits citrate excretion The ap- 
parent: paradox between the action of vitamin 1) 
described above and the radiologic finding of in- 
creased bone density may be explained by the other 
factors, including solubility of calcium salts and para- 
thyroid activity, which also influence bone formation. 
Without dynamic measurements of ealciun inctabo- 
lism, relative rates of aceretion and dissolution can- 
not he considered in detail, Ze 

The metabolic data obtained in these infants is 
consistent with the presently Lnown actions of vita. 
min 1. That excessive serum vitamin D activity is of 
primary importance in this syndrome is evident from 
the bioassay measurements, which indicate a con- 
sistent and highly significant increased activity of 
vitamin J) in the serum of cach of the three infants. 
The exclusion of cxogenous vitamin D had no effect 
on the clinical and chemical condition. Since Vitamin 
DD had been given ina usual dosage up to 1500 units 
daily until the time of diagnosis, the contribution of 
exogenous vitamin to the pathologic process cannot 
he excluded. However, exogenons vitamin D loads 
would not be expected to produce acute biochemical 
changes in the presence of such high scrumn activity. 
Furthermore, activity has been found in the serum 
of these infants as Jong as fourteen months after the 
removal of exogenous vitamin D from the dict. ‘This 
is well beyond the period during which exogenous 
Vitamin might persist normally. 

The nature of this substance active in vitamin J) is 
unknown, ‘The possibility exists that this is not the 
naturally occurring vitamin Ds, but another stcrol. 
At least 8 compounds other than vitamins D; and J,” 
have antirachitic properties.* A cholesterol deriva 
tive, an estrogen-rclated substance or an abnormal 
adrenal hormone could represent the unknown factor 
with vitamin ) activity. Recently, vitamin D has 
been shown to be in the alpha,-globulin and alpha, 
globulin fraction of the serum proteins,* the lipopro- 
tein fraction, Regardless of the exact nature of this 
substance, the clevated lipoprotein values found in 
this syndrome further sugeest: the possibility of a des 
fect in the transport of this substance similar te vita- 
min). Thus, the etiolozy of the severe form of 
idiopathic hypcreatcemia of infancy appears to be ree 
lated to a defect in the metabolian of sucha substance, 
A ee | 


. te tee 
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‘Paee pationts with the characteristic clinical and 


° 
Hoe’ 


chemical findings of severe idiopathic hypercalcemia 
of infancy are described. 

The principal features of this sysndbore hive been 
shown to simulate the physiclosic actions of excess 
vitamin Doon the growing child. 

Scrum vitonin De activity determined hy the 
rachitic-rat bioassay technic was found to be twenty 
to thirty Gmes thatin normal infants. ‘This SUEstS 
that « defect in the metaboliau of vitamin D or te. 
lated substances is the primary etiologic factor in this 
rue syndrome, leading one to include this discase in 
the rapidly growing list of inborn errors of metabo- 
Jism, or snolecular discases. 


We are indebted to the University Laboratory, Aimbicrst, 


Massachusetts, CG. Re Fellers, 1000., and L. Paakinson for- 


the vitamin D biowsey, D. Hemneman, M.D. for the citrate 
anayees and D. Wurbrer for technical assistance, 
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INTUSSUSCEPTION IN INFANCY AND CLILDHOOD? 
An Analysis of Seventy-seven Cases Treated by Barium Enema 
Manx M. Ravircu, M.D.t 


RALTIMORE 


YM PPL a detailed analysis of 152 cases of intussuse 

ception seen at the Johns Hopkins Vospital, a 
report of 32 paticnts treated primarily by barium. 
enema reduction has been presented." Since that time 


Tron the deportments of Surgery, Johns Hophing University and 
Mew pital sod Balinsore City Mo pitas, ‘ 

fAseciate profecor of suupery, Jutins Hoplias Unherity School af 
Medsine; auicpeon torched, Haltinwnse Cry dhe pital; dmngeon, Jolne 
Veg hina Mer pital, 


hydrostatic-pressure reduction of intussusception by 


‘barium enema under fluoroscopic control has been 


the treatment of choice in intussusception at the 
Johns Hopkins Hospital! Between the 1950 report! 
and January 1, 1958, 47 additional cases of unequive 
ocal intussusception were recognized at the Johns 
Hophins Nospital, There are a nunber of additional 
cases in which the diagnosis of intussusception was 


sieht Miami eda cabin! icant nett tinate By B mar utetant Entities. se 


OF SCIENCES ANNALS OF THE NEW YORK ACADEMY OF SCIENCES 


i i E664 
8, 1963 Volume 147 Art. 18 


titent 
thot 


Pages 537-582 


tee, 


KENNETH W. THOMPSON 
BORIS PKEGEL 


Corresnonding Secretary 
H. CHRISTIN: REILLY 


BERT N. LA DU 
EUNICE THOMAS MINER 
FREDERICK A. STAHL 


N. HENRY MOSS 
HILARY KOPKOW SKE 
FREDERICK Y. WISLLOGLL 


* Director 
NN OF SECTIONS 


oGcY 

HONY 3. LaRUFFA, Vice-Chalrman 
"ClLENCLS 

GERALD L. SHAK, Vice-Chairman 
TRY 

PHULIP SIE NEVITZ, Vice-Chairman 


ICAI. SCILNCES 
DNARND J. LLKRNER, Viee-Cheoirman 


- 


PAUL MIDVY, Viee-Chutman 


v3 

RT L. AUGUSTINE, Vice-Chalrman 
ENCES 

IWIN WILSON, JR., Vice-Chulrman 


"ATION STILNCES 
§SUCE A. BARRON, Vice-Chairman 


NG : 

SIDNEY F. BORG, Vice-Chairmon 
SCIENCES 
RNAKD DAVIDOW, Vice-Cha’-man 
ENC 


1s 
ELY MENCHER, Wice-Choirman 
ITION . 
WILLIAM GRUEN, ViceChoirman 
ICS 
ICHAEL ¥. AISSEN, Vice-Chairman 


GY 
FRANS C. GOBLE, Wiee-Chuirman 


THESISTRY , 
-YDE Kk. DILLARD, Vice-Chairman 


INCES 
ROLIN O. MOTZ, Vice-Cholyman 


ENCE 
K E, WOODWARD, Vice-Chairman 


iy 
"ARD 1. GAVURIN, Vice-Choirman 


tear, October to May, inclusive, AD 
4 Sciences, 2 Last Sixty-tlurd Street, 


sed by spccin) programs, 


Pe eC TRY ONT me ~~ 


September 26, 1969 


Editor-in-Chief 
MARC KRAUSS 


Editorial Director 
PETER D. ALBERTSON 


VITAMIN D AND CARDIOVASCULAR, RENAL, * ND BRAIN 


DAMAGE IN INFANCY AND CHILDHOOD 


MILDRED S. SEELIG 


Adjunct Assistant Professor, Pharnacely, 
New York Medical College, Flower and Fifth Avenue Hospitals 
and 
Rescarch Associate, Pediatrics, Maimonides Medical Center 
Brooklyn, N.Y, 


; NEW YORK 
_ PUBLISHED BY THE ACADEMY 


2 0 ee pee mee wee - meee: =. - 


nee eee 


oo 


So Orne ewe mes, 


Reng ne ee re we et ree ie a ee eee 


TT RTA NE NT ttt ite ae en gett — arn eee ee te 


SS ee 
CesT Sorte. swore a 


ee eae a 6 OA. Ne nt an Rs Fe eae ctttbecn tet sae d hes oR tis Mtwctton, «ca naan nas. Cite eld (one nmin ahsee ake sO atbet ina db ne ti. ante ot ach sce 


2 
ry 


VITAMIN D AND CARDIOVASCULAR, RENAL, AND BRAIN DAMAGE 
IN INFANCY AND CHILDHOOD E665 


MILDRED S. SEELIG* 


Adjunct Assistant Professor, Pharmacology 
New York Medical College, 
Flower and Fifth Avenue Hospitals 
and 
Rescarch Associate, Pediatrics 
Maimonides Medical Center, 
Brooklyn, N.Y. 


“pn 8er Nig eons Treen ater: . ae ine 


INTRODUCTION 


There has been increasing notice taken in the literature of recent years of a 
presumed congenital abnormality characterized by supravalvular aortic stenosis, 
a peculiar facies and severe mental retardation. That an hereditary genetic delet 
may play a purt in this syndrome has been suggested. The possibility that this 
syndronw: may be induced by excess vitamin D during gestation has also been 
considered. This paper prescnts the possibility that this syndrome is an 
expression of hyper-reactivily to vitamin D that can be especially severe during 
early infancy. There is evidence that it may be the anatomic consequence of the 
disease known as hypercalcemia of infancy, which many investigators have 
found to develop in infants receiving doses of vitamin D that are only slightly to 
moderately above those considered prophylactic. This paper presents evidence 
that generalized arteriosclerosis of infancy may be the most severe manifestation 
of vitamin D toxicity in infants with marked susceptibility to vitamin D, and 
that renal acidosis may be a Iess severe expression of this sensitivity. There is 
evidence that recommended daily dosages of vitamin D may be toxic for some 
susceptible people, and that the potency of vitamin D is significantly greater in 

- milk than in oil. As Taussig' has recently observed, the inborn “variant” in the. 
metabolism of vitamin D that made some children less prone to rickets in the 
days before unlimited vitamin D supplementation of our foods is now the 
so-called “inborn error of metabolism” that may be responsible for vitamin 
D-induced injury to the cardiovascular, renal, and central nervous systems. 
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THE SUPRAVALVULAR AORTIC STENOSIS SYNDROME 


Williams ef al? first called attention (in New Zealand in 1961) to the 


“association of severe mental retardation and a peculiar facies with supravalvular 


aortic stenosis in young patients with retarded growth (sce FIGURE 1). Upon 
revicwing the literature on similar cases, they discovered that in two of the 
studics, the patients vere found at autopsy to have had fibrous myocarditis and 
myocardial atrophy.’ ** Since they suspected a myocardial abnormality in one of 
their four patients, they suggested the possibility that myocardial degencration 
might be another facet of this new syndrome. It is of interest that the patient 
reported by Burry* had also been described as being congenitally mentally 
defective. The same year (1961), Perou’® reported detailed histological studies of 
the supravalvular stenotic areas of thee aortas of a 13-year-old boy and of a 
24-year-old man who had been in a State Hospital for mental retardation. In the 
first case, the child’s records indicated a history of malnutrition and congenital 
heart disease at one ycar of age; the facies of the second case seems to bear some 
relationship to that described by Williams et al? The paticnt was described as 
having large ears, high and narrow palate, and irrcpular carious tecth, an 
appearance quite similar to that reported recently by Rosenthal and Doyle® ina 
child with supravalvular aortic stenosis. These characteristics are selected here 
for note because of their resemblance to those secn in survivors of infantile 
hypercaleemia’ (sce FIGURE 2). Fricdman® has sugested that excess vitamin D 
during gestation may be responsible for the abnormalitics of the craniofacial 
complex, characteristic of both the supravalvular aortic syndrome and infantile 
hypercalcemia." 

The histological characteristics of the circular ridge and constriction at the 
upper margin of the sinuses of Valsalva, scen in the two cases reported by Perou, 
inciuded slight intimal thickening, hyalinized fibrous tissue, fragmentation and 
disorientation of the clastica, and foci of necrosis and calcification. The 
myocardium of Perou’s second paticnt showed patchy arcas of fibrosis, and the 
kidneys were contracted and granular. Histological chaiiges of ihe aorta 1d also 
been reported earlier by other pathologists who sectioned the stenotic portion ur 
the aorta.? ***9+° Jt was Perou’s conclusion that this type of supravalvular aortic 
stenosis is unquestionably congenital. 

Since then, additional investigators have reported similar patients with the 


aortic Iesions, mental retardation and peculiar facies, the entire complex often - 


described as a congenital anomaly.°*''"'® However, Eberle and Beuren,!*® who 
had reported three patients with characteristics similar to those described by 
Williams a Year later, attempted to detect chromosomal abnormalities in their 
patients, without success. Merritt cr al,?® however, did find a chromosomal 
abnormality in one patient with the full-blown syndrome, among cight 
supravalvular aortic stenotic paticnts studied. In four of the eight familics, only 
the proband was affected. The remaining four families, with only the 
supravalvular stenosis, had 25 probably affected individuals. In a more recent 
study by Kurlander ef af.?* of 27 cases of supravalvular aortic stenosis, nine also 
had mental retardation and peculiar facies. Chromosomal studies, performec ‘n 
five of these cases, were normal. 

In 1963, Black and Bonham-Carter,”? one of whoin was a co-worker in the 
early study by Schlesinger et al.?? of an infant with hypercalcemia, noted the 
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FIGURE 1. (top) Four patients! 
(bottom) Profiles of children in fron 
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| similarity of the appearance at the age of 11 of a survivor of that syndrome? ? to 
| that of the children with the Williams’ triad (see FIGURES 2 & 3). They 
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FIGURE 1. (top) Four patients with supravalvular aortic stenosis (courtesy of Williams), 

(bottom) Profiles of children in front row. (Reproduced by permission of Williams, J,C.P. ef 
al. and Circulation. fi 
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FIGURE 2. Survivors of infantile hypercalcemia. (Reproduced by permission of Black, 
J.A. and R.E.B. Bonham-Carter and Lancet. 
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ventricular failure. The necropsy findings wese small granular kidneys with 
numerous calcified areas, left ventricular hypertrophy, and a supravalvular aortic 
stenosis that had reduced the diameter of the aorta to 1 em.24 

Direct association of the Williams’ syndrome with biochemically diagnosed 
hypercalcemia of infancy, was reported by Garcia et al?5 Their patient was a 
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FIGURE 4. Hypercalcemic infant with supravalvular aortic stenosis. (top) Note elfin 
faces, high prominent forehead, cpicanthal folds, underdevctoped bridge of nose a 
mandible, and overhanging upper lip. (botfom) Rocntgenogram of skull, pelvis and long 
bones und spine showing diffuse osteosclcrosis and bands of increased density zt ine taphy ses 
and at epiphyscal margins of vertcbrac. (Reproduced by permission of Garcia, R.E. ef al. 


and New Eng. J. Med.) : 


nine-month-old_ infant, who had a history of a nornal neonatal course. At five 
months, cardiomegaly and murmur had been detected; subsequent to a 
herniorrhaphy at six months, retarded development was noticed. The child 
exhibited an elfin facies, (sec FIGURE 4) and on roenteenographic examination, 
showed considerable sclerosis of the calvaria and base of the skull, with diffuse 
osteosclerosis of the long bones and vertebrue. Cardiac catheterization and 
cincangiocardiography revealed supravalvular aortic stenosis and mild stenosis at 
the origin of the left pulmonary artery. This case is of particular interest in that 
the classic Williams’ syndrome was detected carly, and was correlated with both 
hypercalcemia and a markedly clevated vitamin D blood level (1,540 units/!00 
mi, as compared with the usual value range of 60-400 units). Ina recent review 
of idiopathic hypercalcemia, Fraser ct al.?® supported the concept that 
supravalvular aortic stenosis, mental retardation, and peculiar facies is the late 
normocalcemic stage of infantile hypercalcemia. 

Bauman and Bauman?” reported two childsen with hypercalcemia and 
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cardiac damage. One was a child with a less severe form of the disorder during 
infancy, involving anorexia, failure to pain, developmental retardation, and 
congenital heart discase (sce FIGURE 5-A,B), and who showed marked 
improvement, with disappearance of all symptoms, signs and abnormal labora- 
tory findings five years later. (FIGURE 5—C) The only significant treatment had 
been curtailment of vitamin D intake. Their second patient was a child who 
wasn't scen by this group until she was 20 months of age, and whose growth and 
devclopinent had been normal until she was one year old. This paticnt developed 
a harsh systolic murmur, renal damage, and mental retardation that was not 
reversible. Beuren et al.?* reported nine additional children with the supra: 
valvular aortic stenosis, most of whom also had pulmonic stenosis, and one of 
whom had a definite history of infantile hypercalcemia. (sec FIGURE 6) More 
recently, Beuren et al.79?° reported a total of 55 childicn with supravalvular 
aortic stenosis in Germany, 40 of whom also had pulmonary stenoses. In this 
series, 23 had the typical facies of hypercalcemia of infancy and mental 
retardation. In many of these cases, clear histories of marked overdosage with 
vitamin D during infancy could be elicited; the mothers had also been given 
vitamin D prenatally. In the 14 children with supravalwular aortic stencsis 
reported by Antia and associates,?? there was a wide spread in the range of their 
1.Q.’s, many of them showing only slight retardation, and others with normal 
1.Q.’s showing curious variations in responses to mental states.’ One pattnt with 
normal facies had abnormal dentition suggestive of the syndrome in which aortic 
stenosis und mental retardation co-exist. Mycrs and Willis?® have also reported 
the broad clinical spectrum of this disease. They have found that the 
supravalvular aortic Jesion occurs in the absence of intelectual impairment and 
cifin facies almost twice as commonly as in the classic syndrome and tends to 
occur in families. 

With the similarity in the two syndromes having been established, many 
investigators have cominented on the possibility of a direct relationship in their 
reports of cases of supravalvular aortic stenosis associated with the “hyper- 
calcemic facies” and mental retardation.+7+91119+18,26.2%37 Toysciol hag 
suggested that the two types of supravelvular aortic stenosis syndrome—that 
associated with, and that without, the characteristic facies and severe mental 
retardation--may represent different responses to the same underlying condition. 
Bonham-Carter and Sutcliffe?* have called attention to a concomitant syndrome 
in which multiple arterial stenoses occur at the bifurcation of arteries, both in 
the systemic and pulmonary circulation. Since in infantile hypercalcemia the 
blood cholesterol is also high, they have postulated that atheromatous change at 
the stress points of bifurcation might be responsible for the stenotic changes. 
Friedman?* reported that the Williams syndrome is relatively common, and that 
its association with infantile hypercalcemia may be missed. Peuren et @l29»3° 
have commented on the frequency of this syndrome in Germany, where 
supplementation with high dosage of vitamin D is common. In a personal 
communication to Taussig,? Beuren voiced his suspicion that patients with 
supravalvular aortic stenosis respond abnormally to vitamin D, Friedman?® has 
stressed the importance of carly diagnosis because of the possibility of arresting, 
or possibly even reversing, the Icsions by instituting apptupriate therapy. 
Taussig?® has published a provocative article, discussing the possibility that 
sone relationship exists between the two conditions, She suggested that the 
inborn variation in man's ability to metabolize vitamin D may be responsible for 
the valvular chunges seen in these conditions. The increase in blood cholesterol 
often secn in hypervitaminosis D, further suzgests that such variation in 
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: A. Hypercaleemic infant: note malnutrition, poor development; low position of pinnas. i 
B. Roentgenogram, showing cardisc enlargement; “cocur en abot” configuration. The similarity of the sy 
C, Patient, five years titer, demonstrating alert appearance, good muscular development. inental retardation, and pecu 
(Reproduced by permission of Baunun, A. & C.G. Bauman and N.Y, State J. Med.) 
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FIGURE 6. Nine patients with supravalvular aortic stenosis. (Reproduced by permission 
of Beuren, AJ., C. Schulze, P. Eberle, D. Harmjanz & 3. Apitz and Circulation Am. J. 
Cardiol) 3 


susceptibility to vitamin D may possibly be related to the far commoner vascular 
lesions associated with abnormal cholesterol metabolism. Her most recent article 
on the subject’ presents a review of several of the published papers on this 
syndrome and includes comments on the similarity in the appearance of the 
children with supravalvular aortic stenosis to those with idiopathic hyper- 


calcemia. 
IDIOPATHIC HYPERCALCEMIA, RENAL ACIDOSIS, AND VITAMIN D 
Hypercalcemia of Infancy and Vitamin D ' 
The similarity of the syndrome comprising supravalvular aortic stenosis, 


nental retardation, and peculiar facics to that seen in survivors of hypercalcemia 
of infancy calls for a caicful examination of not only the pathological picture, 
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but also the epidemiological background and the $4-$6,5° 48 a5 did cardiac function? £2 7:4!45,46 in» 8 paar eng 
Patients reported, to the extent i j retardation, however, was imeversible. Apparently the longer bag Bs 
data is diagnosis, the more scvere was the physical damage. Hypertensio a 
nwsinur (often shown to have been due to supsavalvular aortic seb ah 
seen, and rena) damage became more severe with fixed gravity . . 
albuminuria, casis, hematuria, and signs of pees y seohetietioaies 
The full complex of chronic hypercalcemia was first described in 19$2 by Increased bone density, a epee weir 2 kcsser extent, of the 
Schlesinger and colleagues?? and reported briefly by Lightwood?? in Enpland. and i osteosclerosis, especially of ie ase ig a frequently seen. In sddition to 
in detail by Fanconi and Girardet*® in Switzerland. Each report deult with a long bones and verichral co weal retatilation becane manifest in these 
Paticnt whose history indicated an intake of Vitamin D that was not considered retardation of growth, severe men : . olin” focies that 4 conslaned 
exceasive (approximately 1,400 and 2,000 units after the first infants. The infants are characterized by an FIGURLS 3-A, 4, SA, 
Veeding difficulties, persistent vomitin typical _of the severe hypercalcemia syndrome. (see - pie esi : 

gain in weight charactctized the ¢ { 9/247 $.27 8461062 Fy tater oe aa rippin 
unpairment scen in all three infants, Sct wide slack mouth, severe malocclusion = ee voxypar crariiane 
exhibited -early electrocardiographie cha underdevelop:d mandible, depressed bridge o ioe Nouabaenk wane (FIG. 
harsh systolic murmur at six weeks. a convergent strabisimt., epicanthic folds and habh Mi that seen in the 

n referred to him sis, a diagnosis URES 2, 3—-f). 7°79:?* This facies is indistinguishal suet 16208 
normal plasina chloride, bicarbonate and “congenital” supravalvular aortic stenosis syndrome (FI : 
of the acidity of the urine. Each child had 
Wesingcr’s report included a follow-up to 
develop normal! 


that time on. The f2uie of this écl 
alter the clinical status Ied the investigators to 


Analysis of the many case teports on h 
the characteristics can be divided into ear’ 
signs, and the later irreversible c 

-the mild and isreversible forms 


ies at that stope, have been 

livering no vitamin D,?5-27,42-5¢ They exhibited 

rompt relicf of vomiting and anorexia, relief of constipation somewhat 

Jater, at Persistence of elevated calcium and NPN levels for severe] months. 

Weight gain, and improvement in disposition and in muscle tone, have also deen 

seen on such corrective dicts. Corticosteroids have proven uscful in inducing 
clinical improw ment in infants with more severe manifestations.? © +4745 %$ 

Hypercalcemia and decreased renal function improved,*'»*?.44,68,50, 
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FIGURE 9. Components of the facies of infontile hypercaicemia. (Reproduced 
permission of Joseph, MC. & D. Parrott and Acch. of Diseases in Chithood,) ag 


In order to determine whether the mild or simple form of Infantile 
hypercalcemia does, as has been ssid, result in complete recovery once the infant 
is taken off vitamin D and put on Jow-calcium diet, Mitchell*! followed the 
courses of 18 infants, diagnosed as having simple hypercalcemia in Scotland 
from 1953 thiough 1956, for three to six years. Four oi these infants died, and 
auicsy disclosed nephrocalcinosis.®? One was lost to followup at eight 
meaths, four months ufter having been put on a low-<alcium milk preparation, 
Of ine remaining 13 children, most showed slight delay in sitting up and 
walkung, but all were sitting without aid by 12 months, and all had taken the 
first unaided step by 21 months. All but one seemed to have average mental 
development; the three who had had cardiac murmurs during the acute phase 
had no detectable cardiac abnormality at their last examination, Tests of renal 
function revealed nu significant se ab and satisfactory growth progress 
was made. In all cases, the abnorinal biochemical findings originally present, 
iictuding hypercaicenua, deprooed aihajine phosphatase, and clevated plasina 
cholesteral, had become essentially normal. On the other hand, Coleman,** 
expressed concern at the persistence of infantile hypercalcemia in Scotland (13 
Patients admitted to hospital in 1962-1963), despite the lowered vitainin D 
allowance as food additives, reported electrocardiographic changes in 12 of thoee 
13 infants. These changes, which he had reported earlier in 14 out of 24 children 
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admitted to 2 medical unit in Glasgow,®* are characterized by an abnormal “me 
shape of the ST-T complex. These changes outlasted the hypercalcemic phase of - 
the discase and suggested to this investigator that they may reflect left ; 1¢0 
ventricular myocardial lesions. . ‘ 
Correlation of the extremely high incidence of “idiopathic” hypercalcemia of 
infancy in Engiand in the years 1953-1957 with the excessive fortification with 
Vitamin D of National Dried Milk and other Welfare and proprietary foods 
suggests that Schlesinger and colleagues'?? original impression that hypersons- 
tivity to vitamin D may have been an etiological factor may have been correct. 
Search of the literature has clicited over 25 articles dealing with case reports on 
over 80 infants who Seveloped the syndrome during that period of time,?*2 924% 
39,39,90,89,00,69,52,56,57,60,69-76 Tp) probably few infants so affected 
have been reported in print was clearly indicated by the 1956 report of the 
British Pediatric Association that 204 cases of hypercalcemia were reported by 
June, 195$ to 196 consultant pediatricians in the United Kingdom.”? When the 
feeding difficulties, failure to thrive, the hypotonia, and susceptibility. to 
infection characteristic of the early stage of this syndrome are taken into 
account, one wonders what the true incidence of this condition might have been. 
How many biochemical diagnoses are made among infants not broucht to the 
attention of consultant pediatricians? How many such infants fail to survive the 
early months of life? How man may survive a difficult infancy, without having 
had biochemical tests perlonnad, and appear later with the triad of supravalvular 
aortic stenosis, mental retardation, and facies — with renal impairment often also 
Present? (sce also, discussion of generalized arterial sclerosis of infancy, as alas 
cma the acute hypervitaminosis D syndrome elicited in the laboratory, ' é $ 
vide infra). 
ypercaicemia seen in Great Britain af 4 
ty high, this was not, even then, @ 
din 1955, thar at least $5°% of Britich 
ics of vitamin D’® (FIGURE 10) 
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U " 351 bables fed on national dried mifk, 249 (70.97) had vtamia 
sebelepones Suu led poet tate compound; 30 had adeaoiin; four had halibut-tiver off 
and seven had other preparations (bottom) Of 348 babies fed on Proptviasy brands 
dried milk, 263 (75.6 °) bad vitamin D supplements: 172 had cod-liver-vil compound; 
had adexolin; 16 had habbut-Lver oil; and cn had other preparations (Reproduced wy 
petminaion of Creasy, RDG. & D.W. Neild and Lancet) 
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content of Welfare and proprietary infant foods (see TABLES 1A and 1B), they 
recommended that infant requirements of vitamin D be reconsidered, and that 
the amount added to food be lowered. An editorial, in 1956, speculated whether 
a hypercalcemic infant who was hypersensitive to calciferol (added to dried 
milk, cereals, and many concentrates) would be similarly affected by the natural 
vitamin D found in fishdiver oils.** Hubble,®? in 1956, raised the question 
whether addition of vitamin D to milk and cereals might cause maxinal 
absorption of calciuin and phosphorus (a point which is discussed later in this 
paper). In 1957, the Ministry of Health published a report®® jon Welfare food 
suppleinentation, in which they recommended reducing (1) the vitamin D 
content of National Dried Milk to a minimum of 90-100 1.UJdry ounce from 
the minimum of 280 1.U./dry ounce; (2) the vitamin D content of infant cereals 
from 1,000 1.U, to 300 1.U-/dry ounce; and (3) the vitamin D content of cod 
liver oil from 800 to 400 1.U./teaspoonful. The solution, thus, was to reduce the 
content of vitamin D in each of the foods to a level that would Protect against 
rickets, should only one sousce be consumed. Of necessity, this means that an 
infant taking all three will be consuming at least three’ times the anti-rachitie 
dose. In view of the individual variation in sensitivity to vnamia D, and the 
demonstrated increase in potency of vitamin D when it is Siven in milk, (vide 
infra) it is dubious whether this provides a sufficient safety factor against causing 
infantile hypercalcemia in susceptible children. 

In North America, for example, where the Councilon Foods and Nutrition of 
the American Medical Association, since 1941,°* has considered only milk 
containing 400 US.P. units of vitamin D acceptable, there have been many 
published feports on infants with hypercalccmia.? $2 7:43,44,48,¢7,81,86, 

£104482.90°F03 Ht must be noted, however, that despite the official recom 
mendation that 400 units of vitamin D from all sources meet the full daity 


. fequirement, the conunon fortification of foods (in addition to vitamin 


supplements) may lead to daily intakes that may reach as much as 2,000 
units/day, or more.'®* Whether the occurrence of hypercalcemia of infancy in 
Continental Europe and Israel? ®3°.¢8,50,53,59,108-152,035 may also be 


4 
TABLE 1A . 
FORTIFICATION OF NATIONAL DRIED MILK 
Recommendaticn by 
Ministry of Mealth®® —- 


Ministry of Food? 
Ministry of Health®® 


TABLE 1B 


CALCULATED DAILY INTAKE OF VITAMIN D(1956)°? 
EEE 
1's pints dried milk (460 U/dry o2.): 
} ounce cereal (1,000 -1,500/dry o2.): 
1 top. cod liver off 


1,725 0.U. 
1,000 - 1,500 1.U, 
700-800 f.U 


3,$2$ ~ 4,025 LLU. 
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NUMBER OF CASES REPORTED 


per Se es re Eeing, 
19$@ 


1950 195 1952 1953 1956 1988 19S7 1958 108@ 


SURE 11, Infantile renal tubulzs acl¢ou.: 1$3 cares by year of occurrence (16 
see Winneies Licking for 1950 fue Linspool (Reproduced dy permission of 
Lightwood, R & N. Butler and Bs. Med, JQ 


with such moderately high intakes of vitamin D by susceptible infants 
peat averred from panes data. It must be noted, however, that in thelr: 
recent reports of 55 cases of supravalvular aortic stenosis, 23 of whom hed cleas 
manifestations of hypercalcemia, Beuren ef el did attribute the 
incidence of these disorders in Germany to high intakes of vitanin D during 
infancy, and to high susceptibility to vitamin D of affected children, 


Renal Acidosis and Vitamin D 


Another discase of infancy that has been correlated with vitsmin D intake 
and that is possibly related to kag eo of infancy is renal acidosis, 
Lightwood and Butler''? observed that there was a steady increase ia the 
incidence of this discase from 1950 (the first date in the repurted tabulation 
through 1953, at which time there was a sharp drop in incidence (see FIGUR 

11). Since infants with this syndrome often exhibit elevated serum calclum 
levels, it was reasoncd that there was clearly a biocheinical overlap between 
infantile hypercalcemia and infantile renal tubular acidoses. It was concluded, 
however, Ht vitanun D was probably not the common ctivlogical denominator, 
since the drop in incidence occurred In 1954, three ycars preceding the 
correction of the excess vitamin 1 milk content. One puint that was not 
considered, however, was that, from 1945 to 1983, the culciferol content of 
milk was still excessive (240 L.U./dry ounce), cod liver oil curiched with extra 
vitamin D was commonly administcred in addition, and during that period of 
tine supplementation of infant cereals with vitamin D was alo coming into 
vogue, The drop in incidence of infantile renal acidosis in 1954 cvincided with 
the sharp rise in incidence of hyperealccinia of infancy. The biochemical overlap 
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FIGURE 12. Spectrum of reactions te vitamia D. (Reprodnced permiusion of 
Fanconi, G. and Lihue Brown a Cot e ie bad 


DIFFERENCES IN SUSCEPTIBILITY TO VITAMIN D 


Susceptibility to vitamin D ranges from th 
large doses to Prevent rickets i 
D that are 
(FIGURE } 


associated with re 
the serum pho 


nein not excessive, hag 
ty t i 'e 
feacti ry , Nea are hyper. 
5 
Periods of life earlier 
tetrospectively, On 


four months 
Of vitamin D + 


al,** who was 


he milk for, 
at four months, 
min D. The systo 
ened normal. It 
mother of this in 
three infants teported by Mich cl et of similarly recovered 
bein: dict. In one instance, the infant ha 
10 units of vitamin D 
- weeks. Another infant 
'd 1,000 units a - for 


is — later in this Paper to the acute 
Osis D, 
ts diagnosed as hypercalcemic at six to 20 months of age, the 
akes were estimated at having been probably not over 2,000 
units daily in over SO cases. One of the patients reported early by Lowe ef al,** 
who was diagnosed at cleven months, but whose Onset of clinically manifest 
disease was estimated from the history to have been at five months, had been 
breast-fed to three weeks of age. and I cow's milk (prohahl 
fortified). The intake of vitzmin D 
taken into consideration. Another in 
four months, and was then given 
Months, at which time Clinical sign 
hypercalcemia at ten months of age. The 
for 11 weeks before being put on National Dried Milk formula, 
signs of the hypercalcemic syndruime at four and — half months, and was 
diagnosed at seven months. The semsining three infants in this series of cases had 
been on the fortified milk from birth. Only one of these six infants was also 
given cod liver oil supplements. Five survived and showed some clinical 
i i i itami i , it is probable 


intakes ranging fr were reported for five ji 
al,*” who three 77 that among 20 h 
(possibly includin 
feceived mure vit i Singer et ef? 
i them, they v «re 
vitamin D tne 
thers, prenat in the four cases they were able to 
T, ; nts had received National Dried Milk 
and thus may have received as much as 2,000 
ae, who had had 3 history of milk intolerance, 
only 750 units in cod liver oil. In this instance, 
Uk intolerance” may have becn an carly manifestation 
m the National Dried Milk formula. One of the infants 
eceived “vitamin supplements” until six months of age. 
gnosis was made at }4 months. Among the 38 infants 
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hypercalcemia reported by Graham,‘® ten had received under 1,000 waits 
pei pi two had ee of vitamin D suppiementation. The infant 
reported by BonhamCarter er al,*? whose condition was diagnosed as 
hypercalcemia at nine months, had been breastfed for thice months before 
being placed on a fortified milk formula. There was No history elicited of 
excessive fortification, although this infant developed his syndrome during the 
tiod of excessive addition of vitamin D to infant foods and’ dried ink in 
England. Other infants teported from Great Britain during that time as not 
having received undue amounts of vitamin D include those reported by 
Stapleton er al,** who, from their experience, postulated that there may be 
some humans whv need no exogenous vitamin . whereas others need much: 
than normal amounts, 
Matos hypercalcemia fh American infants who had recclvee total dally | 
intakes of 1,200-1,400 units were reported by Bongiovannl et al in two! 
cases, and by Schwartz,*? Snyder,** Garcia ef al,"* and Rashkind ef e** ing 
total of four more. Histories of somewhat lower vitamin D intakes were reported 
Fellers and Schwartz®" in three infants, who were shown to have very high , 
blood levels of vitamin D (20-30 times normal values). David et el ‘s** patient 


more thas , 
daily. In two incts ces, the mothers were hnvwe 
ave received 1,000 units daily of vitamin D Curing pregnancy. 

" resi of supplementation = in infancy, although not very relisble 
when obtained from families of chil en Giagnosed in later childhood, seem te 
indicate that in at least If instances, excessively high intakes were unlikely. 
Black and Bonham-Caster’ obtained dats that i: dicated that among thele five ; 
cases diagnosed in la:e childhood, two had had “usual” supplementation, and ; 
three had been breast-fed for one and. half to six months, before receiv: 
“usual” care. In two of the instances, the mothers teported that they had ; 
received the “usual” vitamin supplements prenatally. Seven such paficats , 
teposted in the United States had histories of itnegular Mitamin supplement. 
tion,* no more than “usual prophylactic doses, 109 ~,2000- 1,500 units 
daily for five years,5® and Jess than 1,000 units daily.’®? The tast two patients, 
twins jepesiod: by Wiltse er al'®? were born to a mother who had received less 
than 1,000 units of vitumin D/day during pregnancy. The Paticnt reported by 
Gribetz and Wolf'®? is of interest in that hypercalcemia, renal damage, 
abnormal clectrocardiograp ne tracings and apical systolic murmur and Osteo 
sclerosis were diagnosed at ten years of age. His history sigzested possible mild 
hypercalcemia during infancy, at which time he had had polyuria, polydy pala, 
and retarded growth, but no apparent mental tclardation. Exploration pare 
thyroid surgery at the age of 1] revealed normal parathyroids; follow-up three 
years later reveaied a bright child, who had undergone a marked adulesceat 
growth spurt. In retrospect, the investigators concluded that the history of this 
boy, and his blood laboratory findings, which included not only hypercalcemia, 
but also sliphtly elevated serum cholesterol, Phospholipids and lipoproteina, 
suggested an intermediate form of idiupathic hypercalcemia. 

In one of the early studies, Bouhain-Carter ef al found that loading of a 
hypercalcemic baby in resmission with high doses of calciferol led to deteriore- 
tion of his condition, concomitant with a tise in plasina calcium. On verification 
of the role of vitamin D, his intake of vitamin D and calcium was reduced with 
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hypercalcemic infants. In view of the vitamin D-like effect of some cholestered 
derivatives, these investigators have suggesied that this disease may be related 
rimarily to a disorder of cholesterol inetabolign. In his doctoral thesia,' 

Portas has postulated that calciferol may act as a chemical mediator in this 
discase by activating endogenous vitamin D precursors Present in excess la 
suscepisble infants. This concept may explsin the relatively small intake of 
vitanun D associated with hypercalcemia of infancy, and the prolonged vipeia 
D activity in such infants after withdrawal of all exogenous sources. Black?® hag 
teviewed several theories involving vitamin D = in the pathogenesis of 
infantile hypercalcemia. These include (1) deficiency of unsaturated fatty 

(2) adrenal -insufficiency, and (3) hypothyroidism, as well as the disor 
cholesterol metabolism already referred to. : 


Reactivity to Vitamin D by Race 


Variations in endogenous Precursors may explain the marked variations le 
sutcpubility to rickets scon in different racial » oups. In a study in Toronte, 
reported in 1937 by Drake,'?? of 244 infants of British or Northern European 
stock, who had received nv vitamin D, only 13% had rickets of a moderate or 
marked degree. At the end of a five-month observation period, 21% had active 
advancing rickets. The preceding ycar, Lewis'?* included 8 control group of 22 
infants on no vitamin D in a New York City study of vitamin requirements. Of 
these infants, observed during a five-month period from December through 
April, sight of 36.3%, developed rickers. lvone of the white children ta this 
Control group was aliccud, whereas cight of the 13 Negro children —— 
ftoentgenugraphic evidence of rickets Thus, of the legro infants, sickeis 
developed in 62% of those fece:ving no vitamin D. Of the 27 infants whe 
received crystalline vitamin D in various doses and who developed rickets, 21, ov 
78%, were Negro. (In this study 55% of the infants were Negro, and 45% Puerto 
Rican or Italian.) Follis et a£'*5+!3® reported that in a seres of 1,303 
cuming to autopsy during the first two ycars of life, about $0% of the infants 
who had definite histories of receiving no vitamin D hid rickets. In this g 
also, it was observed that the rachitic lesions were more prevalent and severe Le 
Neyo children than in whites. * ! 

The amount of vitamin D zequired by the (wo racial groups to heal rickets or 
to prevent rickets was also found to vary markedly. In Drake's study,'?? as tittle 
as 300 USP units of vitamin D, administered as irradiated ergosterol, were 
sufficient to heal rapidly rickets of moderate or marked degree. As little ag 9S 
units daily in irtadiated milk, of 150 units of vitamin D as cod liver oll og 
Mosterol supplements, prevented the development uf rickets. No evidence was 
oblaincd that this small amount was less effective in Preventing rickets, as 
measured by rocntgenugrams, than were the larger amounts usually admia- 
istered. In the population group reported by Lewis,'?4 larger amounts of 
vitamin D were required to prevent rickets. His data showed that about 14% of 
58 infants given 145 USP units in oll oN Ge. lene glycul developed moderate to 
severe rickets, but only 5% showed mild rachitic changes if given the sme dose 
of vitamin D in milk. When the dose of vitamin D in vil or Propylene glycol was 
increased to 290 units, 10,2 of $1 infants developed rickets; rh showed early 
changes on 290 units in milk. On increasing the dose of crystalline vitamin D iq 
corn gil to 1,450 USP units, one Negro child developed a mild form of the 
discase. Since no hazaid was envisioned from such a duse, he recommended 
addition of 332 USP units to milk to achieve at least this potency. A later peper 
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who were more subject to developing rickets. 

It is noteworthy that with only one exception, all of the childsea 
Infantile hyperealcemia reported in the literature reviewed in this 
white. Sinulaly, generalized infantile arteriosclerosis, a disease not 
corrclated in the literature with vitsinin D, presents » pathological picture that 
strongly resembles that seen in experimental vitanin D toxicity (vide ot yes and 
is also found predominantly in white infants)?! only two colors infants 
having been reported with this condition.’ #32 Daeschacs et al!! teported 
that in @ clinic with a significaut proportion of Negro of Latin Americag 
children, there was a much higher incidence of urinary tract calculi in the white 
children. Conversely, since the lowering of vitamin D in infant foods and 
supplements in Great Britain, the incidence of rickets was not foun 
increased in white children, but did in colored immigrants.'99© Ags for the 
postulated late nosmocalcemic stage of infantile hypercalceiia, the Willisme’ 
syndrome, that tuo has been geported predominantly in white children. Sever: 
colored children with supravalvular stenosis, however, have been teported,! #3 

Although the trait responsible for hyper-reactivity to vitamin D predominates 
in fairskinned children, it is apparently not limited to that racial group. It seems 
unlikely that difference in skin pigment, alone, can account for the extremes la 
feaclivity to vitamin D. Additional metabolic differences in handling vitamin D 
must also exist. : 


EFFECT OF VEHICLE ON VITAMIN D POTENCY 


The greater efficacy of vitamin 1 in mitk, in preventing rickets, a8 compared 
with vie D in per in propylene glycol,!2234 wa, foreshadowed In 1938 
by Stearns and Jeans’ *:!?4+'?* who calibrated the effect of different doses of 
vitamin D against the growth of infants. They showed that infants given 
300-400 units of vitamin D in cod liver vil grew at fasicr than average rates, 
whereas infants getting all of theie vitamin D from cod fiver of emulsified ie 
milk required only 135 units per quart for the same rate of gowth. Ther 
demonstration that daily vitamin D intakes of 1,800-4,000 units caused 8 H 
adval slowing of growth, which immediately increased after the intake hed | 
¢n reduved to 400 units in cod liver oil, has since been criticized as not | 
standing up to modern tests of significanos.? : 
The clinical reports by Drake,'*? Lewis,"®* and Steams and Jeang®4ot98 | 
indicated an approximately threefuld increase in tency of vitamin D when it 
was given in mak. An even greater enhancement effect by milk of the potency of | 
vitamin D was indicated by Lewis"'?® clinical experience with the antlaac the 
effect of crystaliine ecposterol in oil or in nulk (sce TABLE 4). He demonstrated 
that the therapeutic eftect of 90 units of crystalline vitamin D in milk healed afl 
nine rachitic infants in his study, as demonstrated by roentgenogram at four, bx, 
tight, and ten wecks Only 45 units in milk were curative in six out of cight 
tachitic infants. Of the nine infants who received 90 units in oil, three showed 
no healing at six weeks, and the rachitic gion became worse at the end of 
cight weeks in two. One of the infants in this group, who showed advancement 
od fel tachitic process at four weeks, was then given 90 units in milk with 
resultant definite healing in four weeks, and calcification in the rachitic zone 


°A few cases of florid rickets have since been reported among white children, la came of 
neglect (Editorial, Hrit. Med. J, 1966. $58; Sy 


COMPARISON OF HEALING, AMONG 36 RACHITIC INFANTS, BROUGHT aBourT sy CRYSCALLINE VITAMIN D 
INCORPORATED iN MILK OR IN CORN OIL : 


Sn ho 
—— 
Roentzenologic Rickets 


MOUNTS JO AMP Cry 4404 may seuUy 


had received 90 units 
ae vitamin D ia oid for 


Suan 


f 
P 
3. 
8 
z 
2 
i 


VARVARA Owl Owns 


mg. 

S3 mg. 314: a 
2 phospini ea, 6.1 mg, 
wosts 12 weeks heahog to 


et Sa 


“X-cay pacture takes at 13 weeks, 
One lies contained 66 waste, 
Ons biter contsined 129 cas. 


Prom LEWAS, 1.04. 1935. 3. Podintstes 6.362-375. 


2993 


| 


| 
i 


$66 Annals New York Academy of Sciences ’ 


two weeks later. Administration of 900 units of Vitamin D in off to ten rachitle ” 


infants resulted in beginning improvement within four wecks in all. One Negro 
baby, however, who had marked rickets, showed only slight to moderate healing 
by the end of 12 weeks Lewis concluded that the 900 units in oil was a good 
therapeutic dose for mild or moderate cases of rickets, but might not be 
adequate for scvere forms. He commented that the therupeutic results obtained 
from 90 units in milk were superior to those obtained with 900 units in oil. 
Supplce et al,'?” intrigued by the evidence that v.. +. in D in milk was a 
more effective an-itachitic agent than vitamin D in oil, undertook an evaluation 
of the factors in milk that might have accounted for this enhancement effect. 


Since vitamin D in milk is much more active than when it is administered in 
oil, the ad¢ition of 400 units toa quart of milk may be the equivalent of several 
times that quantity administered in oi. For the children with 2 high intake of 
milk, it can be presumed that the daily intake of vitamin D is unduubtedly 
higher. Were there no risk in providing therapeutic dosages of vitamin D to the 
entire population instead of prophylactic doses, this excess over that considered 
sufficient by the Committee on Nutrition of the Americun Pediatric Association 
(400 units from all sources)! could be safely disregarded. There is evidence, 
however, that infantile hypercaleeinia, renal acidosis, and n¢phrocalcinosis ma 
well be related to moderately high intakes of vitamin D by children with high 
suscepubility to this vitamin. 


HISTOPATHOLOGIC FINDINGS iN ANIMALS WITH EVIDENCE OF 
VITAMIN D-TOXICITY: CORRELATION WITH CLINICAL SYNDROMES ° 


it is clear from the foregoing. that there is a wide range of response to vitamin 
D. A dose Little more than that ususity necessary to prevent rickets mow 
produce severe toxicity in some childi>* even though it is well tolerated oy 
most. The lesions produced in such susceptible children are very simiize t2 cause 
produced in experimental aniinals by toxic doses of vitamin D, 


Experimental Hypervitaminosts OD 


As early as 1927-1928, Pfannenstic!'?® and Kreitmair and Moll" reported 
Pathotugical changes in animals Given large doses of irradiated ergosterol. 
Kreitinair and Moll!?* described the pathological effects of 0.2 to 10.0 mg/day 
in mice, rats, guinca pigs, rabbits, cats, and dogs. Death ensued after six days to 
three months: postmortem changes included massive deposits of calcium in 
arteries, hidncys, heart, and other organs. In 1929 Harris and Muore!*® showed 
that the toxic effects are specifically attributable to the Vitamin. Duguid! 4! 
observed, in 1930, that there was a considerable variation in susceptibility of 
their rats to 10 mg of irradiated etgosterol in olive oil fed for a maxiinum of 34 
Gays. Of 120 sats fed the supplement for 25 days, only 7! showed aortic lesions, 
and 92 showed lesions in the kidnrys. Zhe earliest signs of vitamin D toxicity 
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loped in the kidneys, which showed calcareous casts in the tubules and, 
pain atc hg calesficsiicn of the interstitial thsue. One of the sorthe — 
found chiefly in the media consisted of muscular degencration. te digragp 
the elastic lamina scemed to have occurred easly, with calcification in 


soilar element of the media occurring only following the degenerative, 
ees Such calcification was seen first and most frequently in the a 
portion of the aorta, including the sinus of Vefsalva. The intimal chan; Cty V i" 
were minimal, were considered to have been secondary to the aor : sep 
yeas later Vanderveer!*? injected young rabbits subeutancously wi oof ny 
irradiated ergosterol twice weekly until the deaths of the animals. Ile, too, ised 
the earliest calcareous lesions to have been intimately related to the clastic Loo 
of the aorta, In these experiments, the calcium was deposited over the e ard 
fibers and muscle cells before either showed degenerative changes. Focal eched : 
muscle degeneration were scen in the aorta. In some animals, extensive 6 a 
deposition was seen in the myocardium, as was some sclerosis of piedb pacer 
artcriexn. Generally there were calcium casts in the tubules of sol ae cor’ wh 
and in some animals there were also if aries op calcareous deposits. sagen 
in the sequence of development the deforming, sclerotic changes of t : 
ascending and transverse Portions of the aurtas of animals that died poisoning ' 
with vitamin D, Spics'*? studied the effect of sublethai dosage on young ; 
rabbits. They were sacrificed ¥7-102 duys aftcr the final dose of ae 
given. The walls of the ascending aorta and transverse arch were ca pate 
incgular, and tortuous. There was ancurysinal dilatation in sone — od 
reduction in caliber of the vessels in cthers (caus:¢ by protrusion inwar . ; 
arterial kesions). The intemal clastic lainina of the media was must — 
affected. Comparison of the lesions of this group of animais wl * 4 
rabbits given massive doses that caused death’ *" led Spies to specu te that 
degeneration of the affected cells and reabsurption of some of the calcium may} 
have taken place after ceasing vitamin D administration. Similarly, Ay ineys 
of these rabbits had strikingly fewer calcium deposits than those vl r) ens 

isoned animals, suggesting to the investigator that the calcium deposits may 

ve been reduced. 

To determine whether the calcifications caused by vitamin D Soren ae 
degencrative changes, or merely due to prec: itation of calcium from the ood, | 
Ham!*® administered enormous single doses of irradiated ergosterol to one 
series of rats, and daily doses to another. Twenty-four hours after the ayo 
dose, no lesions were scen; within 48 hours massive calcifications were seen 
the aorta, coronary arteries, and cardiac srusculature, around bring 8 
marked inflammatory cell ese lait rfl glean Mab diMnbe 
the precipitation of the calcium depended on : atura’ pgs 

iffusi i the other hand, Steck cf al'°® found evidence, in 8 study 
oe doe ee 13,000 $00,000 units of vitamin D/kg daily, that cellular 
injury occurs first and that calcium deposition then takes place at the site - 
injury. The influence of vitamin D on the calcium and phosphorus content i 
tissues of dugs was studied by Reed ef al'*” in 1933. Doge on high dosage ' 
irradiated ergosterol showed higher concentrations of calcium ia all pee 
analyzed (see TABLE 5). The greatest increments were seen in the heart, 
kidneys. The increase in the content of calcium in the brain is of particular 
interest, since it provides a clue to the cerebral damage that ae et 
associated with the mental retardation scen in children with infantile hyper- 


ia. 1 i the calciuin content of the 
calceinia. There was no direct correlation between h 
tissues and the toial arnount of viostsol injected per kilogram of body weight or 
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THE CALCIFICATION OF TISSUES 
BY EXCESSIVE DOSES OF 
IRRADIATED ERGOSTEROL 


203.12 © | 
175.3% 35.7 
123 t 16.7 
149.6% 37.69 
220.4% 63 
671.6£236.3 
122.8% 45.3 
338.4£160.2 
O4.8t 15.3 
69.82 16.1 
100.8% 21.26 
$09.32144.66 


37.6 2 3.24 
64.23% 6.84 
$3.4 2146 
2.27 4.43 
18.3 ¢ 1.66 
SSH 115.9 
17.9 £ 1.22 
886 213.2 
17.8 £ 1.16 
23.6 t 1.95 
14.3 ¢ 2.19 
101.3 222.9 


R. ventricle 
L. ventriche 


$9$.8 230 
272.2 218.4 
1317.3 231.5 
708.8 237.7 
767.3 t$0.3 
%.8 274.3 
Wy «£24 
86S -£53.3 
699.3 243.6 
1$2.3 £37.14 
925.1 240.8 
$34 257 


648 £109.18 
31S.4¢ 39.3 
1018.32130 
736.9% 42.36 
694.St 49.3 
994 21265 
681.$2104.8 
977.62£163.6 
$36.72 47.7 
280 t $05 
901.3t $9.6 
712.62119 


°EQe vat + b, aestandard deviation of normal teres, 
A bestandard deviation Of experimental series, 
a 


Sndifference between means of the two sertes 
From Reed, Cl. EA, Dillman, B.A. Thecher, & RJ. Kicin. 1933. J. Nutr, 6: 376, 

the size of the individual injections. There were wide variations in the amounts 
of vitamin D that were toxic, but there was a tendency towards a comparable 

degice of calcium deposition in of any given animal 
Because the arterial : 
ammals swened to have 
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although the two different types of lesions were found in different arces am 
were not superimposed. Both types of lesions favored the proximal half of the 
sorta including the arch. It is of interest, in this regard, to recall that chudrer 
with hypercalcemia of infancy have not only elevaicd calcium levels but alec 
elevated Lioud cholesterol. : 

Gillman and Gilbert'*® investigated factors that might explain the geates 
‘incidence of cardiovascular disease ea the white 26 be gon as compared 
with that among Africans (who consumed diets low in calcium and cholesterol), 
Differences in metabolism of calcium and phosphorus were considered factors. 
that might play a role in the variations in susceptibility to arteriosclerosia. Since’ 
hyperlipemia may exist even when the diet is fow in fat, and the deposition of; 
lipids in tissues is dependent upon complex biochemics! processes, they | 
considered the possibility that such injury to the arterial wall as was caused y( 
vitamin D might have predisposed to pberoenstous plaque formation. In 
intensive studics of 300 rats, ranging in age from thiee to six months, fed one to ! 
five daily doses of 25,000 units of vitamin D as crystallized calciferol in off, they | 
observed a wide sange of reactiuns. It was apparent that not all rats developed | 
toxic reactions to the same dose of the vitamin. One of the cominonest reactions | 
seen was mild damage to the arterial endothelium with migration of 
elements and polymorphs into res part of the inedia and Lifting 
overlying endothelium. Necrosis the intima was associsied with 
chromasia and disruption of the clastica, Damage to the endothellum 
subenduthelial tissues in the aurta was confined to the sinus of Valsalva and 
first part of the aortic asch. Mild subenduthelial edema was accumpanied by 
variable degree of metachromasia and accunuiation cf Schiff ‘positive melerial, 
Depending on the degree of involvement, there was lester or grester infiluation 
with white cells. The mildest form of medial injury was edema, with presence of 
Schifl-positive material and metachromasis, ¢ which were usually 
ceded by cellular swelling or even endotheli degeneration 3¢ the 
Calcification of the elastic lamina, followed by degeneration of the inuicle celle, 
preceded replacement of the degenerated fibers by large, clear, Nuid filed ! 
that widcly scparated the elastic fibers. At this Stage, the Inner pari of the wall | 
was thrown into folds. Intense subendothelial and medial calci ration, Jn some 
instances, !ed to the formation of solid plates, which were often progressively 
covered by multiple layers of enduthelial cell. The calciura plate gradually 
became reduced and more decply embedded in the mech thickened wall of the 
aorta. Animals sacrificed 150 days after the last dose of vitamin D showed sortas 
with the original calcified pus tions replaced by a thick, cartilagetike material 
with calcified tissues forming irregulas hands in the deeper layers of the sortas. 
By graded adininistrations of vitamin D, Gillman and Gilbert! *® were able to 
demonstrate that myocardial injury and calcification were preceded by swe 
and intense cosinophilis of the muscle cells. After discontinuation of vitamin D, 
tepair of the degenerated myucardial aca took place, with hypertrophy of the 
neighboring musle cells and scestablishinent of the capillary networks, Vabvulag 
lesions, the earliest changes in which were subenduthclia edema and intens 
metachromasia similar to that seen in the aorta, were also common after toxic 
doses of vitamin 1), Calcification of the valves was uncummon, 

Recently Coleman,***** who demonstrated clectrocardingraphic ch: in 
Paticnts with infantile hypercalcemia and considered the changes as probably 
indicative of left ventricular myocardial damage, administered vitamin D in 
Orally i+ °B yung rabbits (40-420 units D2; 100-770 unils D3)."* Aortic 
lesions were found in every rabbit given vitamin D, but in none of the conwols, 
The inner half of the media was affected, and im some instances there was 
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intimal thickening. Where there was distortion or disruption of the elastic fibers, 
and muscle cells were destroyed. there was calcium deposition. Two of the 
rabbits died in congestive heart failure: four others had focal myocardial lesions, 
Consisting in three of periarterial muscle necrosis, a cellular reaction, and Staining 
Feaction suggesting calcium deposition. Ten of the rabbits given vitamin D had 
lesions immediately subjacent to the endocardium. Serum calcium levels higher 
than those of control animals were found in the experimental rabbits for 32.38 
weeks after discontinuing administration of vitamin D, - 

It is worthy to note that in the series of experiments with rats reported by 
Gillman and Cubert,'*® there was another Similarity to the syndrome of 
infantile hypercatcemiz, which includes failure to gain weight, atony, and muscle 
Wasting. Toward the end of the five-day period, during which very high doses of 
Vitamin D were given, there was 2 Precipitous loss of weight, with obvious 
wasting. and severe frank degencration of the skeletal muscles. 

More recent work has emphasized the role of the muco 
lesions caused by vitamin D.)5%!83 


aorta), took pl 
Poly saccharide. al aortic lesions (in 
and were localized 


to the intims. 


nonsulphated P.AS.-pu 
very high, the initial 
day's, after which thet 
with metachromatic 


amin D was not 
he next six to ten 
anes became laden 
regeneration of the 


calcification 
identified the 
opolyssccharides, 
servation period of 
for onty ten days. 


Uissue polysaccharides. They, too, 
“hich was prolonged for about { 
160 days in contrast to the 
The levels of aortic hexose ty doubled; these 
increases were not quantitati content. The laying 
down of calcium was, however, closely paralleled by large increases in the 
Phosphorus content of the aortas. The total aortic collagen appeared to have 
increesed toward the end of the experimental period, coinciding with the 
histological, appearance of aortic and coronary scleosis. This group of 
investigators found that the serum mucoprotcin changes of calciferol-intoxicated 
Tals sccimed to be more closely associated with necrosis and the subsequent 
heali:s process in the heart, kidney, and other soft tissues than with 
calcification! $2 

Most recently, on the assumption that the supravalvular aortic stenotic lesion 
may result from intrauterine damage caused by administration of vitamin D to 
the pregusnt mother,?® Ericdman and Roberts! ** studied the young of 
Preenant tabbits given 1.54.5 mullion units of vitamin D. Since all rabbits on 
2.44.8 nuthon units died within 65 days after their first injection, the results of 
the study pertain only to the rabbits Biven 1.5 million units. The blood levels of 
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t regnant rabbits and of their offspring were seven and nine times greater 
rag hose of the control rabbits and of their young, indicating thee 
transplacental passage had occurred. All of the mothers slowed the classie 
vitamin D-induced changes In the sortas. Fourteen of the 18 newborn rabbits 
had normal aortas, but 11 of these 14 showed an exarpes ition of the 
supravalvular plica that was similar to that seen in five & the 23 contrel 
Neonates. Four of the vitamin D-rabbit neonates, each from e different litter, 
had abnormal aortas. In each there was a prominent annular prdtrusion at the 
superior margin of the sinus of Valsalva, with resultant narrowing of the lumea. 
The protrusion was caused by media! proliferation; the intima was normal 
Offspring of vitamin D-motherg that died at two to 20 days sowed lesions of 
the aortas ranging from early ncdial degencration and thickening at seven days , 
to triangular-shaped protrusions into the lumen of the aorta, caused by localized 
thickening of the aortic media. The six rabbits sacrificed at thrce months showed 
changes in theit aurtss quite similar to those found in the mothers given the 
vitamin. It should be noted that these changes were very similar’ to thoes 
teported by Gillman and Gilbert'*® late in them 150-dsy :at study, and by 
Coleman®® in young rabbits given very much smaller doses of vitamin D by 
mouth. Apparently the lite results of scute vitamin D toxicity sre similes, 
whether induced in utero, or in the young or adult experimental animal. 

Note should be taken here of an inadvertent demonstration that administra 


. lion of large daily doses of vitarsin D easty during gestation to a mether of 9 


th infantile hypercaicemis is not necessardy causstive of infantis 
ecicanewis To dec whether the mother of a four-year-old patient with 
the supravalvular aortic stenosis-peculiar, facies-mental tetardation syndrome 
was hypersensitive to vitamin D, Forbes e¢ al,'** gave her 10,000 units daily. To 
theie dismay, after two and one-half wecks, the mother reported that she was 
pregnant. The vitamin D was immediately discontinued, and the milk Intake of 
the mother was restricted to one pint of nonfestified, skim inilk dally for the 
duration of her pregnancy. A normal child was born at term, who has remained 
normal throughout 18 months of followup. 


Histopathology. of Clinical Conditions Resembling Experimental Hyper 
ecorghs P linical avalvulas sortie 
histopathology described by Perou in clinical supr jar 
et Shek jacketed hyalinized fibrous tissue, as well as foci of necrosis and 
caicification, often associated with degenerated elastica within the thickened 
media of the aortas, bears a striking resemblance to the late lesions reported ia 
the foregoing section. Infants dying early in the course of hypercalcemia hed 
histological aortic changes bearing a Significant resemblance to the earlier 
experimental lesions caused by vitamin D toxicity. Intimal and subendothelial i 
thickenings with fragincntation, degeneration and calcification of the clastica, as! 
well as medial and myocardial degenerative changes have been re 
ported.??.22,40,52,62,66,98,96 
At the autopsics of infants with generalized arterial calcification, changes j 
resembling even more cluscly the acute vitamia D, toxicity damage scen im 
laboratory animals have been observed. Stryker, in 1947, tepor'2d four 
infants who died at two to seven months of age, and whose autopsics revealed 
calcification of the coronary and other arteries, in relationship to the internal 
elastic tLamina. A fifth infant, stillborn to a 14-year-old girl, had similar arterial 
lesions, as well as focal calcification in the first potvon of the aura, iny ocardia} 
necrosis and calcification, and multiple develupmental anomalies. Foci of recent 


’ 
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myocardial infarction were found in two of the infants who survived the 
neonatal period; renal damage ranging from cloudy swelling of the parenchyma 
to marked calcification of the renal tubules was scen in two, Considering the 
possibility that hypervitaminosis D may be a causal factor in generalized arterial 
Calcification of infancy, Stryker reco:ded the available information on vitamin D 
intake in his series of cases, as well as in the 15 cases he tabulated from the 
literature. In the case of the infant who died at three months, the family 
physician had suspected hypervitaminosis D but could elicit no history of 
Unusual vitamin intake by either the mother or by the infant. it is of interest 


that the sibling of this infant was reported by the physician to have died with a 
sisnilar clinical picture, but no autopsy had been done. The infant who died at, 
of a concentrated : 


seven months had been breastfed, and had received two dr 
cod-tiver oil twice daily during the first month. No history regarding vitamin O 
intake was obtained in the remaining three cases. Among the patients tabulated 
from the literature was one reported by Lightwood! ** of a child who died at 27 
months. She had been found to have hypercalcemia (11 mg%) and albuminuria, 
and at autopsy showed fibrotic and calcified glomeruli, interstitial fibrosis and 
degeneration, fibrosis, and calcification of glomeruli and tubules. She had 
Osteopurosis and osteusclerosis and was described as mentally retarded and 
dwarted. Having been reported as having received only “physiological” amounts 
of vitamin D, at a time (1932) when there was no vitamin su plementation of 
foud, this may be the first recorded case of infantile hypereecenis caused by 
hy per-teactivity to vitamin D. Her mother had taken no vitaniin D supplements 
during pregnancy. Among the Femaining 14 infants, tabulated by Stryker, were 
two teported by Anderson and Schiesinger,!*4 who had had moderate 
hypercalcemia and renal damage but who were reported to have had hyper- 
patathyroidism; one of these two infants however, had received about four times 
the usual amount of vitamin D. All others had been given a single dose of 
300,000 units. Menten and Fetterman’ *® teported an infant who died of 
generalized arteriosclerosis and myocardial infarction, born to a mother who had 
faken no vitamin D during Ppa. but who had tak 

dicalcium phosphate daily. He had received five dro 

daily starting at two weeks. At 


present. Hyalinize- 

fic degeneration of 
occasional glomeruli and collccting tubules. The remaining twe infants reported 
by Menten and Fetterman'*® were siblings, who died at six and seven weeks, 
Tespectively, and who showed generalized arteriosclerosis, myocardial infarction, 
and parenchymatous degenerativn of the kidneys. The commonest change seen 
in the aorta was swelling and degencration of irregularly distributed elastic 
fibers: there were also atheromatous thickenings, with thinning of the underlying 
media The infant reposted by Wilkerson’® as having hypercalcemia of infancy, 
who had severe calcinosis of artenes, kidneys, and soft tissues on autopsy at 17 
weeks, and who had never reccived more than S00 units daily of vitamin D, may 
also be grouped with the infants described sbove. Hunt and Leys,'*” who 
cuinpared the pathological changes seen in two siblings who died at four weeks 
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of age with those scen in infantile hyperealcemia,?®> *® reported a marked 
prediiectisn for calcification of the internal elastic tumins in the arteries of hie 
patients and of others reported in the literature. In addition to calcification of 
the peripheral and pulmonary vessels, the infants also had fibsous intimal 
tuliferation to the extent of obliteration of the lumen in sume sites, calcium 
incrustation of the elastica throughout the aortic media, ss well as renal 
calcification. One of these infants showed clear evidence of myocardial 
infarction, as did an eight-weekold girl reported by Traisman et al and 
another infant (one of two more siblings with this syndrome) reported hy Moran 
and Becker.'?" The latter report included a summary of 44 ublished ent of 
arterial calcification in infancy. In all but two of these case, calcific material was 
reported in the coronary ae and fibrous intimal proliferation was seen ia 
ny other arteries in inost of the cases. 
" Specifio attention was called to the renal damage, seen in the picture of 
gencralized arteriosclerosis of infancy by Stryker, and by Moran ane 
Becker'?* who reviewed the published’ cases tu date in 1947 and 1959, 
respectively. Moran and Becker suggested that metastatic arterial calcification 
may occur secondarily to renal damage. Their series of caws excluded any ta 
which there was clear evidence of pos tenal disease, although concomitant 
renal lesions, ranging from “local glomeculonephiitis” of “changes” to calcifies- 
tion of renal arteries and/or tissue, was reported in most of the cases. The 
authors commented that the arterial lesions were indistinguishable from thos 
scen in arterial calcification secondary to advanced renal disease, of associated 
with anomalies of the hesrt of crest vessels, or known to be csused by 
hypervitaminosis D. 


DISCUSSION 


Among the diseases seen in infancy and childhood are several that seem to hie 
salute eee at least as regards frequency of reporting in the literature durlag 
the past 20 to 25 years. It is difficult to be certain whether supravalvular aortic 
stenosis (Williams’ syndrome), hypercalcemia of infancy, renal acidosis, and 
generalized arteriosclerosis of infancy are detected more frequently because of 
the greater sophistication of the clinician, or whether they have sefually 
increased in incidence during the past quarter of a century. That all are 
characterized by Icsions seen in experimental hypervitaminosis D, and that 
during the same period vitamin D supplementation hs become prevalent in 
those countries from which most of the cases have been icported, has beea 

nstrated. 5 
nye oak changes scen in the clinical conditions Gescribed bear a striking 
resemblance to those seen in rats and rabbits on high doses of vitamin D, About 
& quarter of the infants whe died of generalized arteriosclerosis were found to 
have had myccardial lesions, described as focal necrosis, infarction, fibrosis, and 
areas of calcification.'?'+'??+!**'*? Such fcsions have also been reported ba 
infants who died of infantile hypercalcemia, but far tess frequently. tn his review 
of the cardize lesions of infantile hypercalcemia tepurted in the literature, and 
seen in his own clinic, Coleman®” listed left ventricular of biventricular 
myocardial hypertrophy, myocardial fibrosis of calcification, and valvular 
endocardial lesions including fibrosis and calcification. Suspecting 3 myocardial 
lesion in one of the children with the sipevsvaly aurtic stenosis tyndrome, 
Williams e¢ ef.,? found that Denie and fetheugt” and Burry* had reported 
fibrous myocarditis and myocardial atrophy in similar paticnts. They suggested 
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that myocardial degeneration might be another facet of the syndrome. Perou® 
also found evidence of myocardial fibrosis in one of his cases of supravalvular 
Stenosis. If, indeed, these three conditions represent increasingly severe 
manifestations of excessive response to vitamin D, it is not surprising that in the 
form characterized by infantile arteriusclerosis, there is focal myocardial necrosis 
Or infarction and calcification, as has been reported in acute vitamin D toxicity 
studies in rats'*$+4** and in rabbits.©*+'*? The less acute myucardial lesions 
seen in older infants bear a resemblance to the later lesions reported in rats.! 49 
Fhe myocardial fibrosis and atrophy seen in the childsen of young adults coming 
to autopsy with the supravalvular aortic stenosis syndrome may possibly 
Teprescnt the final cardiac phase of the disease. It is not known whether 
Overdosage with vitamin D may contribute to renal calcinosis and cardiovascular 
disease in luster life. 

The stigmata of the Williams’ syndrome include supravalvular aortic stenosia, 
mental retardation and a characteristic facies. Children with this disease resemble 
survivors of hypercalcemia of infancy, a disease associated with hy per-reactivity 
to vilamin D. The Pathologic lesions of infants with acufe hypercalcemia seen at 
autopsy? 2+47+67596.9998 resemble those scen during the acute or subacute 
phase of experimental hypervitaminosis D in the laboratory “ee and those 
reported in infants with generalized arteriosclerosis.! 2! F328 88-160 y rrerias 
changes include intimal and/or subintimal thickening, with fragmentation and 


degeneration of the internal elastic lainina, and medial degenerative changes, ' 


thickening, and metastatic calcification, particularly in the aorta. In the kidneys 
are seen glomerular ischemia, with endothiclial proliferation, petigiomerular 
fibtusis, reduction in numbers of tubules, flattened tubular epithelium, hyaline, 
granular, of calcareous casts, and calcium deposits in lining cells and in bascment 
membranes. Survivors of the acute phase of the disease, who had the peculias 
facies characteristic of the: Williams’ syndrome, and who exhibited cardiac 
damage, hypertension, and supravalvular stenosis, at autopsy’424:78 were 
found to have had lesions that resembled the supravalvular aortic. lesions 
teported by Perou in “congenital” surtic stenosis,» and by Gillman and 
Gilbert" *® late in the course of vitamin D toxicity in rats. It is noteworthy that 
the aortic stenotic lesions described by Friedman and Roberts! ** in threw 
month-old rabbits, whose mothers had becn given an enormous dose of milamin 
D during gestation, were sunilar both to those feported by Perou® and by 
others?*!!*?? in clinical supravalvular stenosis and to the lesions in rats after 
loading with vitamin D.'*” The renal changes seen in such childsen either at 
autopsy o% after biopsy included contracted, granular kidneys with nuinerous 
areas of calcification’*?*:?>+7*.!®! and were similar to those seen as a late 
expression of vitamin D toxicity in the experimental animal.'4!+! 44 

From the available evidence, it scems unlikely that the pathologic findings in 
these severe clinical syndromes, which are so similar to those produced 
experimentally by toxic doses of vitamin D, can be merely coincidental. Great 
variations in the responses to vitamin D in animals and in man haw been 
tecognized. It has long been accepted that Negso infants are unduly susceptibl; 
to rickets, and because of relative resistance to the anti-rachitic activity or 
vitainin D, often require higher prophylactic doses of vitamin D than do white 
infants, as well as much higher therapeutic doses. That at the other end of the 
spectrum are children (predominzmtly white) who need very fittle vitainin D, 
who are very susceptible to this vitamin, and who cannot tolerate even slightly 
elevated doses over minimal amounts, has not been realized. Froin the data 
reported in 1937 by Drake,'?? it appears that a significant number of children 
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itish or Northern European origin require little or no more vitamin D than 

ie from nonfentitied foods and from sunshine. Confiemation of = 
lesser daily vitamin D requirements of white children, as compared with pid 
Negroes, was reputed by Lewis.'?* He found that none of the white chil 
observed over a five-month (winter) period of no vitanin D supplementation 
developed rickets, whercas 62%. of the Negro children without vitamin D _ 
the same time did. The significance of the ability of some children to remain free 
of rickets in the absence of outside sources of vitamin D has not been analyzed, 
One may speculate that it may be the result of a genetic mutation, which 
allowed for thriving of children who live in aress where Pi eg to sunlight is 
uncertain and where other sources of vitamin D are unreliable. With the rpi4 
of the public health era, with its emphasis on supplying all infants with 
rupplemental amounts of vitamin D as have been found necessary for those most 
suscepiible to rickets, this presumed metabolic advantage may have an a 
ability. It must be noted that this genctic variant is apparently not limite Aria 
to the white race, despite the far greater frequency of the disease poet: 
hypervitaminysis D in fairskinned children. Two Negro infants with genera! 
arterial calcification,”**'?* which may be the most extreme expression of 
susceptibility to vitamin D, and several Negro children with supravalvular 

stenosis have been reported.'*?* On the basis of the available evidence, It seems 
like!) that the genetic variant that results in poor responsiveness ta vitamia B, 
thereby protecting against vitamin D toxicity, but increasing susceptibility br 
rickets, is More cominon in Negroes. On the other hand, the varian' associat 
with markedly high responsivencss to vitainin D that protects against rickets and 
that increases suscepubility co niamin D tuxicity seems to be muse cumunon be 
fair-skinned children. sca 

Ths amount of vitamin D recommended as a dully supplement was se 

on th: basis that it should be sufficient to protect against rickets in at least A 

of the total population. The data used were probably obtained from Lewis's 
study, which showed that even at 1,450 bay one Negro child sti] | 
developed rickets. On that account, he recommended addition of 332 units of 
vitam.n DB to milk to achieve at least the protective value of 1,450 units ia off, 
That 332 units in milk may exert an cven greater antitachitic effect than 5,450 
units in cit is sugested by Lewis’ work! ?® indicating that 90 units of vitamia D 
in nulk was therapeutically more effective than 900 units in oil. In fect, he 
found 4$ units in milk to be papier in py cight rachitle infants; the 

ining two, who required higher duses, were Negroes. 

y Wark and Mabon's! a v palioly of significantly higher blood levels 
of vitamin D in white than in Negro childsen was the first bit of direct 
laboratory evidence that there are wide variations in, arm antitachitic values. 
Fiiiers aid Schwarts.”* who reported exceedingly high ‘cvels of antirachitie 
a tivity in the blood of hypercalcemic children, even when given no exogenous 
vitamin D and whea protected from sunliyht, provided the second clue to the 
pathogenic role uf high seruin antitachitic values. Forfar's’' "+ observes 
tion that cholesterol levels are markedly elevated in hy percalcemie infants, and 
that some cholesterol derivatives have vitamin D-like activity, is sn important 
piece of evidence that antitachilic factors in the serum ase tespunsible for the 
disease, hypercalcemia of infsncy. He has postulated that susceptible lnfants 
have vitamin 1 percursors that are activated by synthetic vitamin D.'"” This 
may prove to de true. Another possibility that available evidence suggests is that 
the addition of crystalline vitamin D to saik, by enhancing its potency three-e 
tenfuld, may be causing vitamin P ‘ioxicity duectly in such children, whose 
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4. Evidence ig Presented that renal tubulay acidosis and nephrocaleinosis 
infantum may be less Severe manifestations of hy per-susceptibility fo vitamia D, 
and that genesalized infantile arteriosclerosis may be a more severe mani 
festation. 
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